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JVednesday,  21st  November  1883. — Ramsay  H.  Traquair, 

Esq.,  M.D.,  President,  in  the  Chair. 

Archibald  Geikie,  Esq.,  F.R.S.,  Director  General  of  the 
Geological  Survey  of  Great  Britain  and  Ireland,  delivered 
the  following  opening  address  : 

In  his  investigation    of    the   history  of  the   successive 

revolutions  through  which  the  terrestrial  areas  of  the  earth's 

surface  have  passed,  the  geologist  places  his  chief  reliance 

upon  the  remains  of  plants  and  animals  imbedded  in  the 

rocks.    The  distribution  of  land  and  sea  at  different  ancient 

periods,  the  growth  and  isolation  or  connection  of  continents 

and  islands,  the  position  of  long- vanished  lakes  and  rivers, 

the  vicissitudes  of  climate  in  past  time — these  and  other 

geographical  changes  depend  in  large  measure   for    their 

evidence  upon  the  testimony  of  organic  remains.      In  the 

reasoning  by  which  the  accepted  conclusions  in  these  matters 

have  been  reached,  there  lies  as  a  fundamental  postulate  the 

assumption  that  the  laws  which  now  govern  the  biological 

domain,  have   been  operative  from  the  beginning.     While 

fossil  forms,  on   the  whole,  depart  more  and  more  from 

living  forms  as  we  trace  them  into  more  ancient  rocks,  yet 

were  we  transported  into  the  Jurassic,  or  Carboniferous,  or 
VOL.  vin.  A 
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Silurian  period,  though  every  plant  and  animal  would  be 
new  to  us,  we  should  find  nothing  in  the  structure  or 
development  of  the  organisms  at  variance  with  the  recognised 
principles  on  which  the  living  world  of  to-day  has  been 
constructed. 

To  the  study  of  fossil  organisms  a  distinctive  name — 
Palaeontology — has  been  given,  as  if  it  were  a  separate  and 
independent  science.  The  term  is  undoubtedly  a  convenient 
one,  but  its  adoption  has  been  in  certain  respects  unfortunate, 
inasmuch  as  it  has  tended  to  foster  an  impression  that  there 
is  some  essential  difference  between  living  and  extinct  forms 
of  life.  The  palaeontologist,  however,  can  make  no  satis- 
factory progress  in  his  special  field  of  research,  except  in  so 
far  as  he  is  equipped  with  a  knowledge  of  existing  organisms. 
This  may  seem  a  truism,  yet  it  has  not  always  been  the 
principle  on  which  palaeontological  work  has  been  carried  on. 
But  if  an  acquaintance  with  the  structure,  habits,  and  growth 
of  living  plants  and  animals  is  essential  for  the  proper 
understanding  of  the  biological  relations  of  extinct  forms, 
not  less  imperative  is  the  necessity  that  all  geological 
speculations,  based  wholly  or  partly  upon  the  evidence  of 
fossil  organisms,  should  proceed  upon  the  fullest  attainable 
information  regarding  the  part  played  by  the  representatives 
of  these  organisms  at  the  present  day.  We  need  to  study 
the  sources  of  their  food,  their  peculiarities  of  habitat,  their 
geographical  distribution  with  the  causes  that  affect  it,  thei^ 
conditions  of  environment,  the  influences  that  favour  or 
retard  their  vigorous  growth,  their  relations  to  the  flora  and 
fauna  of  which  they  form  a  part,  how  their  remains  may  be 
imbedded  in  modern  deposits,  and  whether  these  remains 
ever  accumulate  in  sufl&cient  mass  to  take  a  noteworthy 
place  among  the  rock-forming  materials  of  the  globe. 

I  cannot  but  think  that  one  of  the  most  pregnant  results 
of  the  deep-sea  researches  of  recent  years,  is  the  large 
treasure  of  fresh  information  that  has  been  obtained  for  the 
solution  of  such  questions  as  these.  Both  the  positive  data, 
which  have  been  gathered  in  such  abundance,  and  the 
negative  data,  which  are  hardly  less  suggestive,  furnish  a 
mass  of  evidence  for  geological  investigation,  and  place  us  in 
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a  far  more  advantageous  position  than  was  enjoyed  by  our 
predecessors  in  the  discussion  of  these  problems.  It  is 
impossible  to  refrain  from  re-examining  long-established  be- 
liefs in  the  light  of  this  newer  knowledge,  and  as  impossible 
to  resist  the  changes  of  opinion  to  which  such  a  review  must 
inevitably  lead. 

Among  the  important  contributions  from  recent  deep-sea 
research  towards  an  enlargement  and  readjustment  of  the 
philosophy  of  geology,  I  shall  briefly  mention  a  few  of  the 
more  prominent,  and  devote  the  main  part  of  this  address  to 
a  detailed  exposition  of  one  of  these. 

1.  It  has  now  been  conclusively  established  that  the 
deposits  which  are  gathering  over  the  floor  of  the  wider 
and  deeper  parts  of  the  ocean,  have  no  -counterpart  whatever 
among  the  sedimentary  rocks  visible  on  the  land.  Various 
inferences  may  legitimately  be  drawn  from  this  fact,  but 
that  to  which  it  most  obviously  and  directly  leads  is,  that 
the  land  has  never  lain  beneath  the  deeper  and  wider  parts 
of  the  ocean.  Yet  we  have  only  to  turn  to  many  familiar 
geological  writings  to  see  how  wide-spread  has  been  the 
belief  that  land  and  sea  have  been  constantly  changing 
places,  and  that  some  of  the  sedimentary  rocks  that  form  the 
dry  land  were  accumulated  in  abysmal  depths  of  the  sea. 
Had  this  belief  been  well  founded,  it  is  incredible  that 
nowhere  on  the  land  should  any  trace  of  such  deposits  be 
found,  as  have  been  discovered  to  spread  over  the  floor  of  the 
deep  sea.  I  have  elsewhere  tried  to  show  how  strongly  this 
evidence  supports  the  view  of  the  aboriginal  character  of  the 
oceanic  and  terrestrial  areas  of  the  globe.^ 

2.  A  second  branch  of  investigation  of  momentous  signifi- 
cance in  geological  speculation  is  the  determination  of  the 
range  of  temperature  in  the  ocean,  and  the  distribution  of 
submarine  climates.  The  fact,  now  brought  to  light,  that 
the  great  body  of  the  ocean  water  is  cold,  and  that  in  the 
deeper  abysses,  even  at  the  equator,  the  temperature  sinks 
towards  and  even  below  the  freezing-point  of  fresh  water, 
casts  a  totally  new  light  on  the  question  of  the  distribution 

^  Jour.   Roy.   Geog.  Soc,    1879;   also  Geological  Essays  at  Home  and 
Abroad,  1882,  p.  312. 
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and  migrations  of  marine  floras  and  faunas.  In  the  slow 
continuous  creep  of  icy  polar  water  towaixls  the  equator, 
and  the  drift  of  warmer  surface-water  towards  Jihe  poles,  the 
system  of  oceanic  circulation  presents  itself  under  a  wholly 
unexpected  aspect  to  the  geologist.  Moreover,  he  is  taught 
that,  where  the  configuration  of  the  bottom  permits,  an 
arctic  and  a  temperate  fauna  may  co-exist  at  the  same  depth, 
and  within  a  mile  or  two  of  each  other,  kept  apart  by  a 
narrow  interposed  ridge  that  separates  the  cold  from  the 
warmer  water.^  The  mere  announcement  of  such  facts  as 
these  is  suggestive  of  fruitful  applications  in  geology.  But 
we  must  await  the  patient  elaboration  and  final  publication 
of  their  results  by  the  naturalists,  who  have  so  skilfully 
planned  and  so  brilliantly  accomplished  their  observations, 
before  we  are  in  a  position  to  comprehend  the  full  geological 
significance  of  the  discoveries. 

3.  A  third  fact  of  fundamental  consequence  recently 
revealed  to  us  is  the  prodigious  abundance  of  life  in  the 
surface-waters  of  tropical  ocean -currents.  I  shall  have 
more  to  say  on  this  subject  in  the  sequel.  I  may  in  the 
meantime  remark,  that  the  fact  is  important  because  the 
profusion  of  pelagic  life  implies  a  copious  supply  of  food 
to  higher  forms,  and  consequently  an  abnormally  abun- 
dant fauna  in  the  track  of  the  currents.  Food  is  thus 
shown  to  be  a  far  more  efficient  cause  in  determining  the 
development  of  life  than  some  of  the  more  recondite 
influences  which  are  often  invoked.^  From  the  analogy  of 
the  existing  sea-bottom  we  may  infer  that  ancient  wide- 
spread limestones,  composed  of  crinoids,  corals,  foraminifera, 
moUusks,  and  other  organisms,  were  not  formed  in  closed  seas, 
but  rather  in  areas  of  no  gi'eat  depth,  across  which  currents 
could  bring  an  abundant  supply  of  food  from  the  main 
ocean.  Viewed  from  this  side,  such  a  formation  as  the 
Carboniferous  Limestone  acquires  a  fresh  interest.  The 
thick  calcareous  mass  that  stretches  from  the  west  of  Ireland 
into  Westphalia,  instead  of  marking  the  site  of  a  supposed 

^  See  Mr  Murray's  Paper  on  the  Wyville  Thomson  ridge  (Proc.  Roy.  Soc, 
Edinb.,  1882,  vol.  xi.,  p.  638). 
2  See  A.  Agassiz  (Trans.  American  Academy,  1883,  vol.  xi.). 
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Palaeozoic  Mediterranean  Sea,  may  rather  afford  some 
indication  of  the  direction  in  which  a  current  from  the 
warm  south-west  flowed  eastward  over  what  is  now  the 
centre  of  Europe. 

4.  A  fourth  contribution  to  geology,  from  recent  investiga- 
tions into  the  zoology  of  the  sea,  relates  to  the  manner  in  which 
coral-reefs  have  been  formed.  I  shall  endeavour  to  show,  by 
a  detailed  statement  of  this  case,  how  deep  is  the  debt  that 
geologists  owe  to  the  naturalists  of  those  gi*eat  exploring 
expeditions  which  have  been  so  marked  a  feature  in  the 
scientific  research  of  the  last  decade. 

So  much  additional  information  has  in  recent  years  been 
obtained  regarding  the  physical  and  biological  conditions  of 
the  sea,  that  such  a  problem  as  that  presented  by  the  coml- 
islands  of  mid-ocean  may  well  be  reconsidered.  Several  able 
naturalists  have  lately  called  attention  to  this  problem,  and 
have  insisted  that  the  generally-received  solution  of  it  is  not 
satisfactory.  Among  geologists,  there  may  not  unreasonably 
be  a  good  deal  of  unwillingness  to  admit  that  this  contention 
can  be  well  founded.  They  have  long  been  accustomed  to 
regard  Darwin's  theory  of  coral-formation  with  justifiable 
pride,  as  a  masterpiece  of  exhaustive  observation  and  brilliant 
generalisation.  It  has  played  an  important  part  in  their 
speculations  regarding  the  larger  movements  of  the  earth's 
crust,  and  they  have  been  so  deeply  impressed  with  its 
simplicity,  and  the  grandeur  of  the  conclusions  to  which  it 
leads,  that  they  will  naturally  and  rightly  refuse  to  surrender 
any  portion  of  it  save  under  the  strongest  compulsion  of 
evidence.  Some,  indeed,  may  be  inclined  even  to  resent, 
almost  with  the  warmth  inspired  by  a  personal  injury,  any 
attempt  to  show  that  it  can  no  longer  claim  the  general 
applicability  which  has  been  regarded  as  one  of  the  strongest 
arguments  in  its  favour.  But  the  example  of  Darwin's  own 
candour  and  over-mastering  love  of  truth  remains  to  assure 
us  that  no  one  would  have  welcomed  fresh  discoveries  more 
heartily  than  he,  even  should  they  lead  to  the  setting  aside 
of  some  of  his  own  work.  I  propose  to  give  here,  somewhat 
in  detail,  the  more  important  data  accumulated  in  recent 
years  on  this  subject,  and  to  state  the  conclusions  to  which  a 
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careful  consideration  of  the  evidence  seems  to  me  inevitably 
to  lead. 

Before  the  memorable  voyage  of  the  "Beagle,"  the 
generally-received  opinion  regarding  the  origin  of  the  circular 
coral-reefs  or  atolls  of  mid-ocean  was,  that  they  had  grown 
up  on  the  rims  of  submerged  volcanic  craters.  The  enormous 
size  of  some  of  the  atolls — thirty  miles  in  diameter — might 
have  been  thought  a  sufficiently  formidable  objection  to  this 
explanation.  But  it  did  not  appear  insuperable,  even  to  so 
cautious  a  philosopher  as  Lyell,  who  only  noticed  it  to  refer 
his  readers  to  the  great  dimensions  reached  by  truncated 
volcanic  cones,  which,  he  thought,  might  retain  their  forms 
more  easily  under  a  deep  sea  than  on  land.^ 

An  earlier  and  better  theory,  as  Darwin  admitted,  had 
been  started  by  Chamisso,  who  supposed  that  the  circular 
form  of  an  atoll  was  due  to  the  fact  that,  as  the  more  massive 
kinds  of  coral  thrive  most  vigorously  in  the  play  of  the  surf 
they  naturally  keep  to  the  outside  of  the  reef,  and  raise  that 
portion  to  the  surface  first.  But  when  Darwin's  own  views 
were  published,  first  in  abstract  before  the  Geological 
Society  in  1837,  and  subsequently  more  fully  in  his  separate 
volume  on  the  structure  and  distribution  of  coral-reefs,  in 
1842,  they  were  soon  generally  accepted,  and  were  regarded 
not  only  as  affording  a  satisfactory  explanation  of  the  whole 
phenomena,  but  as  comprising  one  of  the  most  impressive 
generalisations  with  which  Geology,  fertile  in  such  achieve- 
ments, had  yet  astonished  the  world. 

The  theory  proposed  by  Darwin,  now  so  familiar,  con- 
nected all  the  types  of  reef  together  as  stages  of  one  long 
process,  every  step  in  which  could  be  illustrated  by  actual 
examples.  At  the  one  end  stood  the  Fringing-reefs,  some  of 
which  might  only  lately  have  been  started  upon  a  recently- 
upraised  sea-bottom.  Out  of  this  stage,  by  continuous  or 
intermittent  subsidence,  came  Barrier-reefs.  Then,  as  the 
depression  went  on,  and  the  islands  encircled  by  the  barrier- 
reefs  disappeared,  their  sites  were  taken  by  Atolls.  Lastly, 
where  the  rate  of  subsidence  was  too  rapid  for  the  upward 
growth  of  the  corals,  an  atoll  might  become  a  submerged 

^  Principles  of  Geology,  4th  edit.  (1835),  vol.  iii.,  p.  810. 
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bank.  Not  only  was  this  explanation  self-consistent,  but  it 
harmonised  well  with  the  conclusion,  derived  from  totally 
different  evidence,  that  there  may  have  been  wide-spread 
and  long-continued  subsidence  over  the  ocean-basins.  It 
was,  moreover,  supported  by  the  independent  testimony  of 
competent  observers,  who,  with  at  least  equal  opportunities 
of  studying  the  subject,  had  espoused  Darwin's  views.  Of 
these  witnesses,  the  most  important  was  undoubtedly  Professor 
Dana,  who  accompanied  the  Wilkes*  Exploring  Expedition  of 
1838-42.^  Another  powerful  ally  was  found  in  Mr  Couthouy, 
who  had  studied  coral-growths  in  the  Pacific  and  in  the  West 
Indian  Seas.^  But  even  without  the  concurrent  testimony  of 
eye-witnesses,  the  theory  proposed  by  Darwin  fitted  so  ad- 
mirably into  the  geological  theory  of  the  day  that  it  came  itself 
to  be  used  as  one  of  the  most  cogent  proofs  of  vast  oceanic 
depression.    And  such  is  still  the  position  which  it  holda 

By  a  gradually  widening  circle  of  observations,  however,  a 
series  of  facts  has  been  established,  which  were  either  not 
known,  or  only  partially  known,  to  Darwin.  It  should  be 
borne  in  mind  that,  compared  with  more  recent  explorers,  he 
did  not  enjoy  large  opportunities  of  investigating  coral-reefs. 
So  far  as  can  be  judged  from  his  published  works,  he  appears 
to  have  examined  only  one  atoll — the  Keeling  Eeef;  and 
one  barrier-reef — that  of  Tahiti.  The  Admiralty  charts,  the 
work  of  previous  voyagers,  and  unpublished  information 
communicated  to  him,  enabled  him  to  extend  his  generalisa- 
tion over  the  whole  of  the  rest  of  the  coral  regions  which  he 
had  not  personally  explored.  The  deep-sea  expeditions  of 
V  recent  years  have  now  brought  so  much  new  light  to  bear 
upon  the  whole  question,  that  we  are  in  a  far  better  posi- 
tion to  discuss  it  than  he  was  nearly  half  a  century  ago.  Of 
a  few  of  the  more  important  investigations,  a  brief  resfwmi 
may  here  be  given,  and  their  bearing  upon  Darwin's  theory 
of  coral-reefs  will  then  be  discussed. 

As  far  back  as  the  year  1851,  the  late  L.  Agassiz  stated 

^  The  narrative,  containing  Professor  Dana's  observations  on  Coral-Reefs, 
appeared  among  the  Reports  of  the  Expedition.  In  1872  he  published  a 
volume  on  Coral  and  Coral-Reefs,  where  he  again  gave  the  weight  of  his 
authority  to  the  theory  of  subsidence. 

2  Boston  Jour.  Nat.  Hist,  iv.,  1843-44,  p.  137. 
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that,  in  his  opinion,  the  theory  of  subsidence  could  not  be 
applied  in  the  explanation  of  the  Florida  reefs ;  that,  on  the 
contrary,  the  southern  end  of  Florida  is  built  up  on  successive 
contentric  barrier-reefs,  which  have  been  gradually  connected 
and  cemented  into  continuous  dry  land  by  the  accumulation 
and  consolidation  of  mud-flats  between  them,  and  that  this 
process  is  stUl  going  on,  and  must  eventually  convert  the 
present  keys  and  reefs  from  Cape  Florida  to  the  Tortugas 
into  similar  land.^ 

In  1863,  Professor  Carl  Semper  published  the  results  of 
his  researches  among  the  Pelew  Islands.  He  found  himself 
unable,  by  the  theory  of  subsidence,  to  account  for  the 
phenomena  there  presented,  and  threw  doubts  upon  the 
general  applicability  of  that  theory.  He  pointed  out  that, 
while  the  southern  islands,  probably  once  atolls,  consist  of 
coral  rock  upraised  to  from  400  to  500  feet  above  the  sea, 
and  are  flanked  by  living  coast  reefs,  true  living  atolls  exist 
at  the  northern  end  of  the  group.  He  contended  that  there 
is  absolutely  no  evidence  of  subsidence ;  that  the  association 
of  all  the  different  kinds  of  reef  within  so  circumscribed  an 
area  seems  entirely  to  disprove  the  notion  of  subsidence ;  and 
that,  at  least  in  this  group  of  islands,  Darwin's  theory  cannot 
be  applied.  In  some  suggestive  observations  on  their  pro- 
bable origin,  he  remarks  that  the  reefs  depend  mainly,  for 
their  form,  upon  the  nature  of  the  bottom  on  which  they 
begin.  Atolls  spring  up  on  submarine  banks.  A  species  of 
Porites  takes  root  in  little  colonies,  varying  from  the  size  of 
the  fist  to  masses  six  or  eight  feet  in  diameter.  In  time  the 
central  portions  of  these  growing  colonies  die,  while  the  outer 
parts  flourish  and  gradually  build  up  a  ring  of  coral.  This 
ring,  which  may  be  circular  or  elongated  in  form,  is  some- 
times continuous,  but  more  commonly  is  traversed  by  one  or 
more  channels.  The  interior  portions  are  scoured  out  and 
deepened  by  the  tidal  currents ;  or,  if  the  form  of  the  bottom 
and  other  conditions  be  suitable,  a  great  many  individual 
masses  of  coral  gradually  grow  into  a  more  or  less  continuous 

^  Bull.  Mus.  Comp.  Zool.,  vol.  i.  See  also  J.  Le  Conte,  Proc.  Amer. 
Assoc,  X.,  1856,  part  ii.,  p.  103;  and  E.  B.  Hunt,  Sillimau's  Joui-ual,  xxxv., 
1863,  p.  388. 
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reef,  through  which  the  strong  ebb  and  flow  of  the  tide  serve 
to  keep  open  some  channels.  Thus,  fringing-reefs,  through 
the  scour  of  the  sea,  become  barrier-reefs,  which  retreat  from 
the  adjacent  coast  in  proportion  to  the  gentleness  of  the  slope 
on  which  they  are  built.  On  a  steeply-shelving  sea-bottom 
the  reefs  must,  obviously,  remain  fringing-reefs. 

Dr  Semper  admitted  that  possibly  many  atolls  and  barrier- 
reefs  were  formed  during  subsidence,  and  even  that  the 
downward  movement  may,  in  many  cases,  have  furnished  the 
conditions  for  starting  them  into  existence.  The  solution  of 
the  problem  ought  in  each  case,  he  thought,  to  be  determined 
by  actual  detailed  observations.  But  that  the  alternate 
curi'ents  of  the  tides  are  the  main  agents  in  the  building  of 
coral  reefs  could  be  proved,  he  maintained,  by  many  cases, 
which,  on  the  theory  of  subsidence,  must  be  regarded  as 
exceptional  or  inexplicable,  such  as  the  occurrence  of  true 
atolls  in  the  midst  of  areas  of  elevation.^ 

In  the  second  edition  of  his  "  Coral  Islands,"  published  in 
1874,  Darwin  briefly  referred  to  Semper's  observations.  He 
thought  it  not  improbable  that  the  Pelew  Islands  originally 
subsided,  were  afterwards  upraised,  and  again  subsided ;  but 
admitted  that  the  proximity  of  fringing-reefs  was  opposed  to 
his  views.  He  suggested  that,  if  the  submarine  slope  were 
steep,  reefs  which  began  as  fringing-reefs  would  continue  to 
be  of  that  form,  even  during  subsidence.  There  is,  however, 
no  admission  that  any  valid  objection  had  been  made  to  his 
theory,  or  that  true  atolls  and  barrier-reefs  might  be  formed 
in  many  places  without  subsidence. 

In  1868  Professor  Semper  reiterated  his  dissent  from  the 
prevailing  theory  of  coral-reefs.^  Next  year  he  reprinted  his 
original  paper  (which  seemed  to  him  to  have  remained  un- 
known to  most  naturalists)  in  a  general  account  of  the 
Philippine  Islands,^  wherein  he  appended  some  additional 

^  Zeitsch.  Wissensch.  Zoologie,  1863,  xiii.,  p.  568.  Reprinted  in  1869  in 
**  Die  Philippinen  und  ihre  Bewohner,"  with  additional  notes. 

*  Verhandl.  Physik-med.  Gescllsch.,  Wtirzburg:  Sitzungber.,  Ist  February 
1868. 

2  Die  Philippinen  und  ihre  Bewohner,  Wiirzburg,  1869,  pp.  100-109.  A 
brief  account  of  the  coral-reefs  of  the  Philippine  Islands  will  be  found  at  pp. 
19.33. 
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notes.  In  one  of  these  he  refers  to  the  observations  of 
Poui1;ales  and  others  on  a  submarine  calcareous  deposit, 
which,  in  some  regions,  is  slowly  being  upraised  to  serve  as  a 
foundation  for  coral-reefs.  To  the  objection  that  if  atolls 
and  barrier-reefs  could  be  formed  during  a  period  of  elevation 
they  ought  to  be  found  not  merely  at,  or  only  slightly  above, 
sea-level,  he  replies  that  they  are  not,  in  fact,  confined  to 
that  limited  zone,  but  that,  even  if  they  were,  this  would  not 
invalidate  his  conclusion  that  the  reefs  are  due  to  a  complex 
co-operation  of  coral  growth  with  the  waves  and  currents  of 
the  sea,  and  not  to  the  one  cause — the  subsidence  of  entire 
regions — ^invoked  by  Darwin. 

In  the  following  year  another  contribution  to  the  anti- 
subsidence  literature  was  made  by  Dr  J.  J.  Rein,  who,  in  an 
interesting  memoir  on  the  physical  geography  of  Bennuda, 
offered  some  observations  on  the  coral-reefs  of  these  islands.^ 
He  suggested  that  the  Bermuda  group  might  originally  have 
been  a  submarine  mountain  or  bank,  on  which  colonies  of 
corals,  mollusks,  echinoderms,  and  other  organisms  took  root, 
flourishing  in  such  abundance  as  gradually  to  raise  the  top  of 
the  submerged  ground  to  the  zone  in  which  reef-buUding 
corals  could  begin.  He  adduced  no  evidence  in  support  of 
this  suggestive  forecast,  further  than  that  there  is  no  proof  in 
Bermuda  of  subsidence,  which,  however,  as  Darwin  had  so 
cogently  shown,  from  the  very  fact  of  the  movement  being 
downward,  is,  in  most  cases,  not  to  be  looked  for. 

An  important  memoir,  marking  a  totally  new  departure 
in  coral-reef  literature,  appeared  in  1880,  containing  an 
abstract  of  observations  made  by  Mr  Murray  during  the 
great  voyage  of  the  "  Challenger."  ^  The  chief  features  of 
this  contribution  may  be  thus  briefly  summarised.  With 
hardly  an  exception,  the  oceanic  islands  are  of  volcanic 
origin,  and  it  is  therefore  to  be  presumed  that  the  submarine 
ridges  and  peaks,  which  rise  to  within  various  distances  from 
the  surface,  are  likewise  due  to  the  protrusion  of  volcanic 
materials.      There  is  thus  no  actual  evidence  of  the  still 

^  Bericht.  Senckenberg,  Naturforsch.   Gesellsch.,  1869-70,  p.  157.      See 
Note,  postea,  p.  30. 
2  Proc.  Roy.  Soc,  Edinb.,  1879-80,  x.,  p.  606. 
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unsubmerged  portions  of  any  extensive  continent  or  mass  of 
land  such  as  Darwin's  theory  requires.  Whether  built  up 
above  the  sea-level  into  islands,  or  brought  up  to  varying 
heights  below  that  level,  the  volcanic  eminences  of  the  ocean 
may  conceivably  be  brought  into  the  condition  of  platforms 
for  reef-builders  by  two  causes.  In  the  first  place,  the 
erosive  force  of  waves  and  tidal  scour  must  tend  to  reduce 
all  prominent  oceanic  summits  to  the  lower  limit  of  breaker 
action,  and  thereby  to  produce  truncated  cones  or  flattened 
domes  and  ridges,  on  which  coral-reefs,  if  not  already  estab- 
lished, might  spring  up..  In  the  second  place,  submarine 
eminences  may  have  been  brought  up  to  within  the  zone  of 
the  reef-builders  by  the  deposit  of  organic  detrihcs  upon 
them.  One  of  the  most  remarkable  results  of  recent  deep- 
sea  explorations  has  been  the  accumulated  evidence  of  the 
extraordinary  profusion  of  pelagic  life  in  the  tropical  surface 
waters.  From  experiments  made  during  the  cruise  of  the 
"  Challenger,"  Mr  Murray  estimates  that,  if  the  organisms 
are  as  numerous  down  to  a  depth  of  a  hundred  fathoms  as 
they  were  found  to  be  in  the  track  of  the  tow-net,  there, 
must  be  more  than  sixteen  tons  of  carbonate  of  lime,  in  the 
form  of  calcareous  shells,  in  the  uppermost  hundred  fathoms 
of  every  square  mile  of  ocean.  The  shells  and  skeletons  of 
these  organisms  fall  in  a  constant  rain  to  the  bottom,  where 
their  organic  matter  supplies  food  to  the  fauna  which  there 
subsists  upon  the  mud.  By  the  accumulation,  partly  of 
these  superficial  exumoe,  partly  of  the  remains  of  creatures 
living  at  the  bottom,  an  organic  deposit  is  growing  over  the 
sea-floor  in  the  tropical  regions  wherein  coral-reefs  flourish. 
Owing  probably  to  the  greater  solvent  action  of  the  carbonic 
acid  of  sea- water  at  great  depths,  or  to  the  greater  mass  of 
water  through  which  they  must  sink,  the  shells  of  the  upper 
waters  seem  never  to  reach  the  abysmal  bottom,  or,  at  least, 
soon  disappear  from  it,  for  they  are  seldom  met  with  in  deep 
dredgings.  But  in  the  shallower  portions  of  the  ocean  they 
abound;  consequently  it  may  be  legitimately  inferred  that 
the  rate  of  growth  of  the  calcareous  organic  deposit  on  the 
sea-bottom  must  be  more  rapid  in  the  shallower  waters. 
The  tops  of  submarine  peaks  and  banks,  being  constantly 
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heightened  from  this  cause,  will,  in  course  of  time,  be 
brought  up  to  a  depth  at  which  sponges,  Lydroids,  deep-sea 
corals,  annelids,  alcyonarians,  moUusks,  polyzoa,  echinoderms, 
and  other  organisms  can  flourish  abundantly.  When  this 
has  taken  place,  the  upward  growth  of  the  calcareous  forma- 
tion will  be  accelerated  by  the  accumulation  of  the  remains 
of  this  abundant  fauna  as  it  lives  and  dies  on  the  bottom. 
At  last,  the  zone  of  reef-building  corals  will  be  reached,  and 
thereafter  a  gi'owth  of  coral  rock  will  bring  the  sea-floor  up 
to  the  level  of  low-water.  That  coral-reefs,  undistinguishable 
from  barrier-reefs  and  even  atolls,  might  be  formed  upon 
banks  of  sediment  in  a  deep  sea,  was  admitted  by  Darwin.^ 
But  the  assumption  of  so  many  submerged  banks  as  this 
explanation  would  require,  seemed  to  him  so  improbable  that 
he  dismissed  it  from  further  consideration.  He  was  not 
aware,  however,  of  the  enormous  abundance  of  minute  cal- 
careous organisms  in  the  surface-waters,  and  of  the  comparative 
rapidity  with  which  their  remains  might  be  accumulated  on 
the  sea-bottom. 

Keef-builders,  starting  on  a  submarine  bank,  whether  pre- 
pared for  them  by  erosion,  by  subsidence,  or  by  the  upward 
growth  of  organic  deposits,  would  form  reefs  that  must 
necessarily  tend  to  assume  the  atoll  form.  The  central 
portion  of  the  colony  or  clump  of  coral  will  gradually  be 
placed  at  a  disadvantage,  as  compared  with  the  peripheral 
parts  of  the  mass,  in  being  further  removed  from  the  food 
supply,  and  will  consequently  dwindle  and  die.  In  propor- 
tion as  the  reef  approaches  the  sea-level,  these  central  parts 
are  brought  into  increasingly  uncongenial  conditions,  until  at 
last  an  outer  ring  of  vigorous  growing  coral-reef  encircles  an 
inside  lagoon  overlying  the  central  stunted  and  dead  portions. 
The  possibility  of  such  a  sequence  of  events  was  likewise 
recognised  by  Darwin.  "  If  a  bank,  either  of  rock  or  of 
hardened  sediment,"  he  says,  "  lay  a  few  fathoms  submerged, 
the  simple  growth  of  the  coral,  without  the  aid  of  subsidence, 
would  produce  a  structure  scarcely  to  be  distinguished  from 
a  true  atoll.*'  ^ 

'  Coral  Islands,  2d  edit,  p.  118. 
«  Op.  cU.,  p.  134. 
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As  the  atoll  increases  in  size,  the  lagoon  becomes  propor- 
tionately larger,  partly  from  its  water  being  less  supplied 
with  pelagic  food,  and  therefore  less  favourable  to  the  growth 
of  the  more  massive  kinds  of  coral,  partly  from  the  injurious 
effects  of  calcareous  sediment  upon  coral  growth  there,  and 
partly  also  from  the  solvent  action  of  the  carbonic  acid  of  the 
sea-water  upon  the  dead  coraL  This  process  of  solution  of 
dead  calcareous  organisms  by  sea- water  is  undoubtedly  one 
of  the  most  interesting  facts  in  the  chemistry  of  the  ocean 
which  has  been  brought  to  light  by  the  naturalists  of  the 
"  Challenger  "  Expedition. 

Moreover,  a  connected  chain  of  atolls  might  be  formed  on 
a  long  submarine  bank,  and  similar  conditions  of  growth 
would  then  be  displayed,  as  in  the  case  of  the  single  atoll. 
The  marginal  atolls,  having  a  better  supply  of  food,  would 
grow  more  vigorously  than  those  towards  the  centre,  and 
would  tend  to  assume  elongated  forms,  according  to  the  shape 
of  the  bank  beneath  them.  Many  of  them  might  coalesce, 
and  might  even  ultimately  give  rise  to  one  large  atoll.  Such 
a  chain  of  atolls  as  that  of  the  great  Maldive  group  may  be 
thus  explained  without  the  necessity  for  any  disseverment 
by  oceanic  currents,  as  Darwin  supposed.  On  the  other 
hand,  the  submerged  coral  banks  of  the  Lakadive,  Caroline, 
and  Chagos  Archipelagos  may  be  regarded  as  representing 
various  stages  in  the  growth  of  coral-reefs;  some  of  them 
being  still  too  deep  for  reef-builders,  others  with  coral-reefs 
which  have  not  yet  quite  grown  up  to  the  surface.  But 
scattered  among  these  banks  are  some  of  the  most  completely 
formed  atolls.  Mr  Murray  contends  that  it  is  diflRcult  to 
conceive  how  such  banks  can  have  been  due  to  subsidence, 
when  their  situation  with  respect  to  each  other  and  to  the 
perfect  atolls  is  considered.  He  reverses  the  order  of  growth 
as  given  by  Darwin,  who  cited  the  great  Chagos  bank  as 
probably  an  example  of  an  atoll  which  had  been  carried  down 
by  a  subsidence  more  rapid  than  the  rate  at  which  the  corals 
could  build  upwards. 

From  a  careful  study  of  barrier-reefs,  Mr  Murray  concludes 
that  in  their  case  also,  all  the  phenomena  can  be  explained 
without  having  recourse  to  subsidence.     He  found,  from  per- 
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sonal  observation  and  a  comparison  of  the  Admiralty  charts, 
that  most  exaggerated  notions  prevail  regarding  the  depth 
of  water  immediately  outside  the  reef,  which  is  usually  sup- 
posed to  be  very  great.  After  minutely  exploring  the  barrier- 
reef  of  Tahiti,  and  sounding  the  water  both  inside  and  outside 
the  reef,  he  found  that  the  slopes  are  just  such  as  might  be 
looked  for,  on  the  supposition  that  the  corals  have  grown 
up  without  any  sinking  of  the  bottom.  The  accompanying 
section  (Fig.  1),  drawn  on  a  true  scale,  will  show  that  there 
is  nothing  abnormal  in  the  decUvities.  Beginning  near  the 
shore,  or  wherever  the  bottom,  whether  of  rock  or  sediment, 
comes  within  the  range  of  the  reef-builders,  a  barrier-reef 
grows  vigorously  along  its  outer  face,  while  its  inner  parts, 
as  in  the  case  of  an  atoll,  and  for  the  same  reason,  are 
enfeebled  and  die.  The  force  of  the  breakers  tears  off  huge 
masses,  sometimes  20  or  30  feet  long,  from  the  face  of  the 
reef,  especially  where,  from  the  borings  of  moUusks,  sponges, 
etc.,  the  coral-rock  has  been  weakened.  These  blocks  tumble 
down  the  seaward  face  of  the  reef,  forming  a  remarkably 
steep  talus.  It  is  this  precipitous  part  of  the  reef  which  has 
probably  given  rise  to  the  notion  that  the  water  outside  sud- 
denly descends  to  a  profound  depth.  The  steep  front  of 
fallen  blocks  is  succeeded  by  a  declivity  covered  with  coral- 
sand,  beyond  which  the  bottom  slopes  away  at  an  angle  of 
no  more  than  6^  and  is  covered  chiefly  with  volcanic  detritus. 
Mr  Murray  insists  that  any  seaward  extension  of  the  reef 
must  be  on  the  summit  of  the  talus  of  broken  coral.  The 
reef  will  gradually  recede  from  the  shore  of  the  island  or 
continent,  and  will  leave  behind,  here  and  there,  a  remnant 
to  form  an  island  in  the  slowly-broadening  lagoon  channel. 

The  very  general  occurrence  of  proofs  of  elevation  among 
the  regions  of  barrier-reefs  and  atolls  is  in  harmony  with  the 
volcanic  origin  of  the  ground  on  which  these  coral  formations 
have  grown,  but,  as  Mr  Murray  contends,  is  most  difficult  of 
explanation  on  the  theory  of  subsidence.  He  affirms  that 
all  the  chief  features  of  coral-reefs  and  islands  not  only  do 
not  necessarily  demand  the  hypothesis  of  subsidence,  but 
even  in  areas  where  the  movement  is  an  upward  one,  may  be 
satisfactorily  accounted  for  by  the  vigorous  outward  growth 
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of  the  corals  on  the  external  faces  of  the  reef,  in  presence  of 
abundant  food;  by  their  death,  disintegration,  and  removal 
by  the  mechanical  and  chemical  action  of  the  sea  in  the  inner 
parts ;  and  by  the  influence  of  subaerial  agencies  and  breaker- 
action,  in  lowering  the  level  of  the  upraised  areas  of  coral-rock. 
The  most  detailed  investigation  of  coral-reefs  which  has  yet 
appeared,  has  recently  been  published  by  Professor  A.  Agassiz.^ 
This  able  naturalist  is  engaged  in  prosecuting  a  series  of 
researches  into  the  biological  phenomena  of  the  seas  on  the 
eastern  side  of  the  United  States,  under  the  auspices  of  the 
United  States  Coast  Survey,  and  in  the  course  of  these 
explorations,  has  had  occasion  to  devote  himself  to  the 
detailed  study  of  the  coral-reefs  of  the  Florida  seas.  For 
purposes  of  comparison,  he  has  likewise  visited  the  reefs 
among  the  West  Indian  Islands,  as  well  as  those  on  the  coast 
of  Central  America.  His  observations  are  thus  the  most 
exhaustive  and  methodical  which  have  yet  been  published, 
and  the  deliberate  conclusions  to  which  he  has  come  deserve 
the  most  attentive  consideration.  He  traces  the  history  of  a 
coral-reef  from  its  latest  stages  as  dry  land  to  its  earliest 
beginnings,  and  even  beyond  these,  to  the  gradual  evolution 
of  the  conditions  requisite  for  the  first  starting  of  the  reef. 
His  familiarity  with  the  nature  of  the  bottom  all  over  the 
area  in  question,  and  with  the  life  so  abundant  in  the  tropical 
waters,  gives  him  a  peculiar  advantage  in  this  inquiry.  The 
upheaval  of  recent  coral-formations  to  considerable  heights 
above  the  sea,  in  various  parts  of  the  region,  enabled, him  to 
examine  the  inner  structure  and  foundations  of  the  reefs,  and 
to  obtain  therefrom  altogether  new  data  for  the  solution 
of  the  problem.  Following  him  in  his  induction,  we  are  led 
back  to  a  comparatively  recent  geological  period,  when  the 
site  of  the  peninsula  of  Florida  was  gradually  upraised  into 
a  long  swell  or  ridge,  having  its  axis  in  a  general  north  and 
south  direction,  sinking  gently  towards  the  south,  but  pro- 
longed under  the  sea  as  a  submarine  ridge.  The  date  of  this 
elevation  is  approximately  fixed  by  the  fact  that  the  Vicks- 
burg  limestone  was  upraised  by  it,  and  this  limestone  is 
assigned  to  the  upper  Eocene  series.    As  a  consequence  of 

^  On  the  Tortugas  and  Florida  Reefs  (Trans.  Amer.  Acad.,  xi.,  1883). 
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the  elevation,  a  portion  of  the  sea-bottom  was  brought  well 
up  into  the  waters  of  the  Gulf  Stream,  which  were  probably 
shifted  a  little  eastward. 

No  marine  fauna  yet  explored  equals  in  variety  of  forms 
or  number  of  individuals  that  which  peoples  the  waters  of 
the  Caribbean  Sea  and  the  Gulf  of  Mexico,  from  a  depth  of 
250  to  about  1000  fathoms.  This  prolific  life  is  traced  by 
Professor  Agassiz  to  the  copious  food-supply  carried  by  the 
warm  tropical  currents,  combined  with  the  food  borne  outwards 
from  the  seaboard  of  the  continent.  The  corresponding 
abundant  fauna  found  by  the  "  Challenger  "  in  the  Japanese 
current  may  be  regarded  as  its  counterpart  in  the  Pacific 
Ocean.  Professor  Agassiz  points  also  to  the  diminished  rich- 
ness of  the  fauna  on  the  western  sides  of  the  continents  as 
being  probably  connected  with  the  absence  of  those  warm 
equatorial  currents  which  bring  such  an  abundant  supply  of 
food  to  the  eastern  shores.  "No  one,"  he  remarks,  "who 
has  not  dredged  near  the  hundred-fathom  line  on  the  west 
coast  of  the  great  Florida  plateau  can  form  any  idea  of  the 
amount  of  animal  life  which  can  be  sustained  upon  a  small 
area,  under  suitable  conditions  of  existence.  It  was  no  un- 
common thing  for  us  to  bring  up  in  the  trawl  or  dredge  large 
fragments  of  the  modern  Umestone,  now  in  process  of  forma- 
tion, consisting  of  the  dead  carcases  of  the  very  species  now 
living  on  the  top  of  this  recent  limestone."  Mollusks,  echino- 
derms,  corals,  alcyonoids,  annelides,  Crustacea,  and  the  like, 
flourish  in  incredible  abundance  on  the  great  submarine  banks 
and  plateau,  and  cover  them  with  a  growing  sheet  of  lime- 
stone, which  spreads  over  many  thousands  of  square  miles, 
and  may  be  hundreds  of  feet  in  thickness.  In  these  com- 
paratively shallow  waters,  and  with  such  a  prodigiously 
prolific  fauna,  which  supplies  constant  additions  to  the  cal- 
careous deposit,  the  solvent  action  of  the  carbonic  acid  upon 
the  dead  calcareous  organisms  is  no  doubt  reduced  to  a 
minimum,  so  that  the  growth  of  the  limestone  is  probably 
more  rapid  than  on  almost  any  other  portion  of  the  sea- 
bottom. 

From  the  charts  we  leam  how  extensively  submarine 
banks  are  developed  in  the  West  Indian  region,  in  the  track 
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of  the  warm  currents.  East  of  the  Mosquito  coast  in  Central 
America,  one  of  these  banks  may  be  said  to  stretch  com- 
pletely across  to  Jamaica.  Similar  banks  rise  oflf  the  Yucatan 
coast ;  likewise  on  the  windward  side  of  the  islands,  where 
the  ocean-currents  first  reach  them. 

That  these  banks  lie  upon  volcanic  ridges  and  peaks  can 
hardly  be  doubted ;  though  we  have  no  means  of  telling  what 
depth  of  recent  limestone  may  have  accumulated  upon  them. 
Among  the  islands  recent  volcanic  masses  rise  high  above 
sea-level,  in  Martinique  reaching  a  height  of  more  than  4000 
feet.  And,  as  usual  in  volcanic  regions,  there  are  numerous 
proofs  of  recent  upheaval,  such  as  the  Basse  Terre  of  Guada- 
loupe,  the  successive  terraces  of  recent  limestone  in  Barbadoes, 
and  the  upraised  coral-reefs  of  Cuba,  which  lie  at  a  height  of 
1100  feet  above  sea-level. 

The  West  Indian  seas  have  long  been  famous  for  their 
coral-reefs.  Professor  Agassiz  insists  that  the  distribution 
of  these  reefs  is  determined  by  the  direction  of  the  food- 
bearing  ocean  currents.  They  flourish  on  the  windward  side 
of  the  islands  and  along  the  whole  eastern  coast  of  Honduras, 
Venezuela,  and  Yucatan ;  but  on  the  leeward  shores  they  do 
not  exist  at  all.  Cuba  is  fringed  both  on  the  north  and  south 
side  with  reefs ;  but  the  southern  reefs,  directly  bathed  by 
the  Gulf  Stream  and  exposed  to  the  prevailing  winds,  are 
more  flourishing  than  the  northern  reefs,  which  are,  to  some 
extent,  cut  oflf  from  the  equatorial  current  by  banks  and 
islands. 

The  depth  at  which  corals  will  flourish  in  these  seas  has 
been  found  to  be  rather  less  than  that  which  has  been  ascer- 
tained to  be  in  general  their  downward  limit.  Professor 
Agassiz  concludes  that  they  do  not  thrive  below  a  depth  of 
six  or  seven  fathoms  in  the  Florida  seas,  though  on  the 
outer  reef,  directly  exposed  to  the  open  currents  and  pre- 
valent winds,  they  descend  in  scattered  heads  to  about  ten 
fathoms. 

Each  successive  stage  in  the  growth  of  an  atoll  seems  to  be 
laid  open  for  study  in  the  prolongation  of  the  Florida  Beefs. 
The  map  of  that  region  (Fig.  2)  shows  a  remarkable  broken 
chain  of  islets  and  strips  of  land,  running  parallel  with  the 
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coast,  first  in  a  southerly  direction,  but  gradually  curving 
round  until  it  takes  a  due  westerly  trend.  This  westward 
curve  is  attributed  mainly  to  the  influence  of  the-  strong 
counter-current,  which,  with  a  width  of  10  to  20  miles, 
sweeps  westward  into  the  Gulf  of  Mexico  along  the  left  side 
of  the  Gulf  Stream,  and  heaps  up  organic  dihris  in  its  track. 
Florida  is  growing  westward  in  the  line  of  this  current.  Beef 
after  reef  is  added  to  the  land  at  the  east  end ;  while,  towards 
the  west,  new  reefs  successively  begin  on  the  bank  as  its 
surface  is  gradually  built  up  by  the  accumulation  of  organic 
debris. 

The  last  and  youngest  of  the  reefs  marked  on  the  maps 
and  charts  is  the  group  known  as  the  Tortugas.  But  imme- 
diately to  the  west  of  this  group  Professor  Agassiz  has  found 
a  prominence  on  the  submarine  bank,  on  which  corals  have 
begun  to  grow.  Large  heads  of  astrseans  and  madrepores 
have  fixed  themselves  at  a  depth  of  from  six  to  seven  fathoms, 
and  Oorgonice  are  found  a  little  lower.  This  is  the  beginning 
of  an  atoll.  The  Tortugas,  which  present  a  further  stage  of 
development,  consist  of  an  elliptical,  atoll-shaped  reef,  in 
three  chief  parts,  whereof  the  largest  forms  a  crescent,  front- 
ing to  the  east,  round  the  edge  of  the  submarine  bank,  while 
the  two  other  portions  have  grown  south-westwards  along 
the  bank.  Three  channels  between  these  portions  allow 
powerful  tidal  currents  to  rush  across  the  central,  chiefly 
submerged,  parts  of  the  atoll.  Seven  islands  have  been 
formed  on  the  higher  parts  of  the  reef  by  the  accumulation 
and  induration  of  calcareous  debris  tossed  up  on  the  reef  by 
the  waves.  To  the  breakers  and  currents,  combined  with 
the  distribution  and  habits  of  growth  of  the  reef-buUders, 
Professor  Agassiz  entirely  attributes  the  form  and  growth  of 
the  reef.  The  most  important  corals  are  the  madrepores, 
which  flourish  in  extensive  patches,  two  common  species  of 
Porites,  occurring  in  clusters  over  the  shallow  tracts  of  coarse 
sand,  and  MceandHna  areolata,  growing  between  the  marine 
lawns  of  Thalassia,  with  occasional  patches  of  Anadyomene, 
Immense  masses  of  nuUipores  and  corallines  grow  on  the 
tops  of  the  dead  branches  of  the  madrepores,  which  have 
been  killed  by  exposure  to  the  air  during  extreme  low  tides, 
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or  when  strong  winds  have  blown  the  water  oflf  the  flats. 
Large  heads  of  astrseans  and  Mceandrina  occur  here  and 
there  towards  the  edge  of  the  reef,  which  is  occupied  mainly 
by  clusters  of  Oorgonioe,  The  destruction  of  the  reefs  by  the 
waves  is  very  great,  the  sea  being  occasionally  discoloured 
with  the  chalky  sediment  to  a  distance  of  from  6  to  10 
miles  after  a  storm.  Broken  coral-heads  and  branches,  dead 
corallines,  shells  of  moUusks,  old  serpulse  tubes,  stalks  of 
Gorgonice,  and  other  organisms,  are  thrown  up  into  lines  that 
consolidate  into  a  low  dyke,  which  in  turn  is  pounded  up 
and  removed  by  the  breakers.  A  prodigious  quantity  of 
calcareous  sediment  is  thus  produced,  much  of  which  is 
swept  into  the  interior  of  the  reef,  where  it  accumulates  in 
flats  of  sand  and  silt.  It  is  only  at  the  outer  edge  of  the 
reef,  where  the  scour  of  the  sea  is  greatest,  that  the  corals 
can  flourish:  elsewhere  they  are  choked  and  buried  under 
the  deposit  of  calcareous  sediment.  Some  of  this  sediment 
accumulates  in  steep  submarine  banks,  like  sand-dunes, 
which  shift  to  and  fro  as  winds  and  currents  vary ;  though, 
by  the  action  of  the  carbonic  acid  of  the  sea^ water,  they  are 
apt  to  be  cemented  into  solid  slopes,  some  of  which  have  an 
angle  of  as  much  as  SS"*.  So  great  is  the  destructive  and 
transporting  influence  of  the  sea,  under  the  combined  or 
antagonistic  working  of  tides,  currents,  and  wind- waves,  that 
the  whole  mass  of  the  reef,  as  well  as  the  flats  and  shoals 
inside,  may  be  said  to  be  in  more  or  less  active  movement 
Hence  none  of  the  landmarks  furnished  by  the  islands  are  to 
be  relied  upon  for  the  location  of  buoys. 

A  still  more  perfect  example  of  an  atoll  formed  under 
similar  conditions  is  that  of  Alacran,  on  the  opposite  coast  of 
Yucatan.  Its  eastern  face  is  a  great  arc  of  about  twenty 
miles,  where,  exposed  to  the  open  sea  and  the  easterly  winds, 
the  corals  flourish  vigorously.  On  the  eastern,  or  interior, 
face  of  the  western  chord  of  the  reef,  however,  the  silt  derived 
from  the  pounding  of  the  breakers  to  the  eastward  has 
already  killed  the  corals.  The  lagoon  is  occupied  by  detached 
coral-heads,  with  lanes  of  clear  water  between  them.^ 

To  the  east  of  the  Tortugas,  near  the  mainland  of  Florida, 

^  Bulletin  Mus.  Comp.  ZooL,  v.,  No.  1. 
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older  stages  of  development  among  coral-reefs  may  be  traced. 
By  the  westward  drift  of  the  calcareous  sand  and  silt^  the 
lagoons  have  been  converted  into  flats,  and  these  in  succession 
have  been  turned  into  more  or  less  continuous  dry  land.  There 
is  no  evidence  of  subsidence.  The  area  seems  to  have  remained 
stationary  for  a  long  period,  or,  if  there  has  been  movement 
at  all,  it  has  been  in  an  upward  direction.  Should  the  present 
condition  of  things  be  prolonged,  there  will  be  a  further 
extension  of  the  Florida  coast-line.  By  the  heaping-up  of  the 
shells  of  dead  organisms  in  the  track  of  the  counter-current, 
the  submarine  bank  will  continue  to  be  brought  up  within 
the  depth  at  which  reef-building  corals  can  grow.  Successive 
clumps  of  reef-builders,  springing  up  and  growing  outward, 
will  build  atoll-shaped  reefs.  The  abrading  action  of  the 
waves  upon  these  reefs  will  furnish  detritus  to  be  drifted  into 
the  lagoons  and  channels,  which  will  eventually  be  silted  up 
into  dry  land. 

An  interesting  indication  of  the  progress  of  these  changes 
is  furnished  by  the  terrestial  fauna  and  flora  of  the  Florida 
reefs.  The  plants  of  the  mainland  are  found  likewise  on  the 
reefs,  but  become  fewer  in  number  as  they  are  followed 
southward,  until,  on  the  Tortugas — the  last  addition  to  dry 
land — the  flora  consists  of  a  few  bay-cedars,  a  hop-vine  with 
a  thick  white  flower,  Bermuda-grass,  and  a  solitary  mangrove 
tree.  One  of  the  species  of  land-shell  common  at  Key- West 
has  found  its  way  to  the  Tortugas.  No  terrestial  reptiles 
have  yet  reached  that  furthest  atoll,  though  at  Key- West,  less 
than  100  statute  miles  to  the  east,  many  of  the  frogs,  toads, 
lizards,  and  snakes,  common  to  the  southern  mainland,  have 
abeady  established  themselves. 

It  will  be  observed  that  the  conclusions  arrived  at  by  Pro- 
fessor Agassiz,  from  his  own  independent  researches,  entirely 
confirm  those  previously  announced  by  Mr  Murray.  That 
two  observers,  who  have  enjoyed  exceptional  advantages  in 
the  investigation  of  this  subject,  should  come  to  practical 
agreement,  must  be  admitted  to  be  a  strong  argument  in 
favour  of  the  views  which  they  have  adopted. 

Putting  together  all  the  data  which  have  here  been  sum- 
marised, I  think  we  are  driven  to  admit  that  barrier-reefs 
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and  atolls  may  be  formed  without  subsidence  of  the  sea-floor. 
Whether  this  has  been  the  usual,  or  only  an  exceptional, 
manner  of  their  origin,  is  a  question  that  will  depend  for  its 
solution  upon  whether  or  not  it  can  be  shown  that  there 
are  general  phenomena  which  can  only  be  explained  by 
subsidence.  Three  such  phenomena  may  be  adduced. 
I  am  not  aware  of  any  others  that  deserve  serious  con- 
sideration. 

1.  One  of  the  early  difficulties  which  Darwin's  explanation 
appeared  satisfactorily  to  solve,  was  the  necessity  for  the 
existence  of  so  many  peaks  coming  up  from  the  depths  of 
ocean  just  to  the  zone  in  which  reef-building  corals  live.  No 
cause  was  conceivable  which  could  have  so  generally  arrested 
the  upward  growth  or  upheaval  of  these  submarine  heights 
at  the  limit  where  coral-reefs  might  begin.  And  this 
difficulty  has  always  been  looked  upon  as  furnishing  one 
of  the  strongest  arguments  in  favour  of  the  theory  of  sub- 
sidence, for  that  theory  removes  it,  by  showing  how,  in  a 
general  submergence,  peak  after  peak  would  sink  and  come 
within  the  sphere  of  the  operation  of  the  reef-builders. 

The  difficulty  is  met  in  a  totally  different  way  by  those 
who  believe  it  to  be  more  formidable  in  appearance  than  in 
reality.  They  contend  that,  while  it  must  not  be  forgotten 
that  many  peaks  do  rise  above  the  sea-level,  and  many 
submarine  banks  still  fall  far  short  of  reaching  up  to  the 
coral-zone,  two  powerful  causes  conspire  to  bring  submarine 
banks  to  a  common  uniformity  of  level  at  a  short  distance 
below  the  surface  of  the  ocean.  On  the  one  hand,  those  por- 
tions of  volcanic  mountains  that  rise  above  the  sea-level  are 
worn  down  by  the  atmosphei^e  and  the  waves,  and,  unless 
otherwise  preserved,  must  eventually  be  reduced  to  the  lower 
limit  of  effective  wave-action,  which  is  probably  nearly  co- 
incident with  the  lower  limit  of  reef-builders.  On  the  other 
hand,  submarine  banks  in  tropical  seas  are  built  up  towards 
the  surface  by  the  accumulation  of  the  aggregated  remains  of 
plants  and  animals  which  live  on  the  bottom,  or  fall  down  to 
it  from  upper  waters,  and  the  magnitude  of  this  upward 
growth  is  hardly  yet  adequately  realised. 

In  balancing  these  opposite  views  we  must,  I  think,  admit 
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that  subsidence  is  adequate  to  provide  platforms  for  coral- 
reefs,  but  that  these  platforms  could  likewise  be  furnished  by 
the  two  other  processes  just  referred  to.  Subsidence  has 
been  invoked  because  no  other  solution  of  the  problem  seemed 
admissible.  But  as  another  solution  has  been  founds  the 
argument  in  favour  of  subsidence  has  no  longer  the  same 
force.  The  new  solution,  being  based  upon  facts  which  are 
everywhere  observable  in  the  coral  regions,  appears  to  me  to 
be  more  probable  than  the  older  one,  which  is  only  an  infer- 
ence resting  on  no  positive-proofs. 

2.  The  precipitous  descent  of  the  outer  face  of  the  reefs  to 
depths  far  below  those  at  which  corals  can  live,  is  another 
difficulty  which  finds  a  ready  explanation  on  the  theory  of 
subsidence.  If  it  were  true,  as  is  popularly  assumed,  that  a 
coral-reef  presents  towards  the  ocean  a  vast  perpendicular 
wall  of  limestone,  entirely  composed  of  solid  coral,  there  could 
be  no  escape  from  the  conclusion  that  subsidence  must  have 
occurred  to  permit  of  such  an  aggregation  of  coral-rock.  We 
learn,  however,  that  much  misconception  exists  on  this  sub- 
ject. Some  of  the  earlier  accounts  of  the  coral  islands 
speak  of  "unfathomable"  depths  at  a  short  distance  sea- 
wards from  the  reefs ;  but  more  recent  soundings  afford  no 
confirmation  of  these  statements.  Instead  of  being  the 
summits  of  vast  submarine  pillars  of  limestone,  atolls,  as 
weU  as  barrier-reefs,  appear  to  be  really  planted  on  the 
tops  of  submarine  peaks  and  ridges.  The  outer  face  of  the 
reef  itself  is  undoubtedly  steep,  in  some  places  vertical  At 
Tahiti,  for  example,  as  shown  in  Fig.  1,  the  living  face  of 
coral  may  extend  to  a  depth  of  30  to  35  fathoms,  beneath 
which  huge  detached  blocks  of  coral  are  piled  up  and  cemented 
together,  forming  a  steep  face  which  descends  to  about  150 
fathoms  at  a  distance  of  180  fathoms  from  the  outer  edge  of 
the  reef.  The  sea- bottom  beyond  that  point  is  covered  with 
coral-sand,  and  slopes  at  25°  to  30°,  after  which  the  angle 
lessens  to  6°.  By  the  abrading  action  of  the  breakers  in 
tearing  off  blocks  of  coral,  and  strewing  them  down  in  steep 
talus-slopes,  a  platform  is  prepared  on  which  the  actually 
growing  part  of  the  reef  can  build  outwards. 

In  Darwin's  section  of  the  Gambler  Islands,  the  thickness 
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of  the  encircling  reef  is  made  to  be  about  2000  feet.^  Pro- 
fessor Dana  by  one  estimate  puts  it  at  1150,  and  by  another 
at  1760,  feet.  He  assumes  that  in  general  the  thickness  of 
solid  coral  must  be  considerable,  though  he  admits  that  cal- 
eolations  based  on  the  seaward  continuation  of  the  slope  of 
the  land  are  liable  to  error  from  many  causes.*  Even  if  we 
admit  (what  cannot  be  proved)  that  the  calcareous  mass  of 
any  coral-reef  does  attain  a  thickness  of  many  hundred  feet, 
it  would  not  necessarily  consist  wholly  of  solid  coral.*  Pro- 
fessor Agassiz  has  followed  the  growth  of  a  reef  on  a  platform 
of  calcareous  organic  detritiis,  and  he  has  found  elevated 
coral-reefs  which  rest  on  such  a  platform.  Mr  Murray's 
observations  explain  how  a  reef  may  grow  outward  on  a 
talus  of  its  own  d4bris.  There  appears  to  be  no  reason, 
indeed,  why  a  calcareous  mass  of  almost  indefinite  thickness 
might  not  be  formed  without  the  aid  of  subsidence.  Its 
upper  zone  might  be  directly  due  to  coral  growth,  while  the 
larger  part  of  the  mass  would  be  composed  of  an  aggregate 
of  coral  debris,  mixed  with  the  remains  of  moUusks,  echino- 
derms,  and  other  calcareous  organisms.  So  rapid  is  the 
destruction  of  organic  structure,  through  the  solution  and 
redeposit  of  carbonate  of  lime  by  infiltrating  water,  that  a 
special  and  careful  search  might  be  required  to  determine 
the  actual  limits  of  the  true  reef  and  of  its  calcareous  plat- 
form, and  even  such  a  search  might  not  be  successful.* 

After  a  full  consideration  of  this  second  difiBculty,  I  feel 
compelled  to  admit  that  no  valid  argument  in  favour  of  sub- 

^  Coral-Reefs,  2d  edit.,  p.  65. 

>  Corals  and  Coral  Islands,  2d  English  edit,  1875,  p.  126. 

^  Professor  Dana  cites  examples  of  raised  coral-reefs  250  to  300  feet  above 
sea-level ;  but  we  do  not  yet  know  how  much  of  the  rock  is  solid  coral,  and 
how  mach  may  be  formed  of  aggregated  organic  dibris. 

[^  Since  this  Address  was  read,  and  the  chief  portion  of  it  appeared  in 
NcUv/re  (Nov.  29  and  Dec.  6,  1883),  an  interesting  letter  by  Dr  Guppy  an- 
nounces that  he  has  found  elevated  coral-reefs  at  heights  of  100  to  1100  or 
1200  feet  among  the  Solomon  Islands ;  that  the  coral-rock  itself  forms  a  com- 
paratively  thin  crust,  and  is  underlaid  by  a  mass  of  impure  earthy  limestone, 
abounding  in  foraminifera  and  other  pelagic  organisms,  such  as  pteropods 
(NcUure,  dd  Jan.  1884).  This  is  precisely  the  structure  that  the  observations 
of  Mr  Murray  and  Professor  Agassiz  would  lead  us  to  expect. — Note  added 
12£h  JamLO/ry  1884.] 
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sidence  can  be  based  on  the  steepness  of  the  seaward  face  of  a 
reef  and  the  thickness  of  the  calcareous  mass  of  the  reef  itself. 

3.  The  depth  of  some  lagoons  and  lagoon-channels  fur- 
nishes probably  the  strongest  argument  in  favour  of  Darwin's 
views.  Occasionally  a  depth  of  forty  fathoms  is  reached,  and 
as  this  is  beyond  the  depth  at  which  reef-builders  ordinarily 
Uve,  it  has  been  regarded  aa  a  proof  that  subsidence  has 
taken  place. 

This  third  difficulty  is  thus  met  by  the  opponents  of  sub- 
sidence. We  must  remember,  they  say,  that  from  the  very 
conditions  of  their  growth,  patches  of  coral  tend  to  assume 
an  annular  or  atoll-like  form,  because  the  outer  parts  grow 
vigorously,  while  the  central  portions  eventually  die..  Where 
the  coral  patches  coalesce,  and  extend  along  a  bank  or 
shore,  it  is  their  outer  or  seaward  faces  that  flourish.  The 
inner  parts,  as  they  are  more  and  more  cut  oflf  from  the  food 
supply,  gradually  die.  While  the  outer  face  of  the  reef  grows 
seawards,  the  inner  margin  is  attacked,  partly  by  the  solvent 
action  of  the  carbonic  acid  of  sea-water,  partly  by  wind- 
waves,  and  the  tidal-scour  sweeps  away  much  fine  detritits 
through  gaps  in  the  reef.  In  this  way,  the  lagoon-channel 
is  widened  and  deepened.  In  a  perfect  atoll — that  is,  an 
unbroken  annular  reef  of  coral — the  lagoon  could  not  be 
deepened  by  any  mere  abrasion  of  the  dead  coral  and  removal 
of  the  detritus  in  suspension,  but  solution  by  carbonic  acid 
would  still  come  into  play.  It  is  further  to  be  borne  in 
mind  that  small  lagoons  are  shallow,  and  are  being  filled  up, 
and  that  it  is  only  the  large  ones,  encircled  by  nearly  con- 
tinuous reefs,  where  the  corals  in  the  lagoon  and  along  its 
margin  are  dead,  and  where  the  efifects  of  solution  may  be  con- 
ceived to  have  been  longest  in  operation,  that  the  depth  of  the 
lagoon  descends  below  the  limits  at  which  reef-builders  live. 

I  do  not  regard  this  solution  of  the  difficulty  as  wholly 
satisfactory.  Of  the  fact  that  dead  calcareous  organisms  are 
attacked  and  carried  away  in  solution  in  sea-water,  there 
cannot  be  any  question,  and  this  process  must  be  of  great 
geological  importance.  Whether  the  solvent  action  is  suffi- 
cient to  account  for  the  exceptional  depth  of  some  lagoons 
is  still,  I  think,  open  to  inquiry.    It  seems  to  me  not  im- 
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probable'  that  these  comparatively  few  deep  lagoons  may 
owe  their  depth  partly  to  subsidence.  But  if  this  be  the 
case,  it  wonld  lend,  I  am  afraid,  but  slender  support  to  a 
theory  of  wide  oceanic  depression.  That  there  must  be  some 
areas  of  subsidence  over  the  coral  regions  is  almost  certain, 
and  the  few  scattered  deep  lagoons  may  possibly  indicate 
some  of  these  areas. 

Having  thus  fully  examined  the  arguments  on  both  sides 
of  this  interesting  and  important  question,  I  feel  myself 
reluctantly  compelled  to  admit  that  Darwin's  theory  can  no 
longer  be  accepted  as  a  complete  solution  of  the  problem  of 
coral-reefs.  No  one  could  be  more  impressed  than  myself 
with  the  simplicity  of  this  theory,  the  brilliancy  of  its  gene- 
ralisation, its  remarkable  fitness  in  geological  theory,  and  the 
grandeur  of  the  conceptions  of  geographical  revolution  to 
which  it  leads.  I  am  fully  alive  to  the  serious  changes 
which  its  abandonment  will  make  in  some  departments  of 
geological  speculation.  But  in  the  face  of  the  evidence  which 
has  now  been  accumulated,  I  can  no  longer  regard  the  ac- 
cepted theory  as  generally  applicable.  That  it  may  possibly 
be  true  in  some  instances  may  readily  be  granted.  There 
may  be  areas  of  subsidence,  as  there  certainly  are  areas  of 
elevation,  over  the  vast  regions  where  coral-reefs  occur.  It 
may  be  conceded  that  subsidence  may  sometimes  have  pro- 
vided the  platform  whereon  coral-reefs  have  sprung  up,  and 
may  have  contributed  to  heighten  some  reefs  and  to  deepen 
some  lagoons  and  lagoon-channels.  But  I  do  not  believe 
that  we  are  now  justified  in  assuming  subsidence  to  have 
taken  place,  from  the  mere  existence  of  atolls  and  barrier-reefs. 
Its  occurrence  at  any  locality  must  be  proved  by  evidence  of 
special  local  movement  It  may  have  gone  on  at  many 
localities  where  atolls  and  barrier-reefs  are  found;  but  the 
existence  of  such  reefs  is  no  more  necessarily  dependent  upon 
subsidence  than  upon  elevation.  These  subterranean  move- 
ments must  be  looked  upon  as  mere  accidents  in  a  general 
process  of  coral-growth,  which  is  wholly  independent  of  them. 

I  may,  in  conclusion,  refer  to  one  or  two  difl&culties  which 
have  long  been  felt  to  be  serious  drawbacks  to  the  theory  of 
subsidence,  but  which  disappear  when  the  newer  views  of 
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the  origin  of  coral-reefs  are  accepted.  If,  as  Darwin  sup- 
posed, the  coral-islands  of  the  Pacific  and  Indian  Oceans 
represent  the  last  peaks  of  submerged  continents,  it  is  in- 
credible that  continental  rocks  should  not  be  found  among 
them.  The  oceanic  islands  (except,  of  course,  those  composed 
of  coral-rock)  are  of  volcanic  origin,  and  show  none  of  the 
granites,  schists,  and  other  rocks  which  might  have  been 
looked  for  on  such  elevated  summits.  They  have  been  piled 
up  by  the  accumulation  of  lavas  and  tuffs  discharged  from 
the  earth's  interior,  and,  where  they  occur,  point  to  upheaval 
rather  than  to  subsidence.  Again,  as  Mr  Murray  has  shown, 
the  inorganic  deposits  of  the  ocean-floor  are  composed  of 
volcanic  dibris,  with  a  singular  absence  of  the  minerals  that 
constitute  the  usual  crystalline  rocks  of  our  continents.^ 

No  satisfactory  proofs  of  a  general  subsidence  have  been 
obtained  from  the  region  of  coral-reefs  except  from  the 
sti*ucture  of  the  reefs  themselves,  and  this  is  an  inference 
only,  which  is  now  disputed.  From  the  nature  of  the  case, 
indeed,  traces  of  subsidence  can  hardly  be  expected.  A  few 
examples  have  been  cited,  such  as  the  occurrence  of  trunks 
of  cedar  trees  in  a  layer  of  red  soil  in  Bermuda,  lying  between 
the  calcareous  deposits  at  a  depth  of  42  feet  below  low- water 
mark.  This  indicates  a  recent  subsidence  of  that  tract,  but 
it  may  be  merely  local,  and  may  be  due  to  the  sinking  down 
of  the  roof  of  one  of  the  caverns  with  which  the  limestone  is 
so  abundantly  honeycombed.  Occasionally,  along  the  margins 
of  lagoons,  trees  are  found  at  the  water- edge,  in  a  position 
suggestive  of  subsidence.  But  the  removal  of  the  calcareous 
rock  by  solution  or  wave  action  might  equally  account  for 
their  condition. 

Of  elevation  in  the  region  of  atolls  and  barrier-reefs  there 
is  almost  everywhere  more  or  less  distinct  evidence.  Pro- 
fessor Dana  has  collected  the  facts  which  prove  that  recent 
elevatory  movements  of  unequal  and  local  extent  have 
occurred  in  aU  parts  of  the  ocean.* 

Upheaval  has  taken  place  even  in  areas  where  barrier- 

1  Proc.  Boy.  Soc.,  Edinb.,  1876-77,  p.  247 ;  Murray  and  Renard,  Brit.  Assoc. 
Report  1879,  p.  340. 
'  Ck>rals  and  Coral  Islands,  2d  edit.,  p.  284. 


President's  Address,  29 

reefs  and  atoUs  are  in  vigorous  growth.  Such  an  associa- 
tion of  upheaval  with  an  assumed  general  subsidence  requires, 
on  the  subsidence  theory,  a  cumbrous  and  entirely  hypo- 
thetical series  of  upward  and  downward  movements.  These 
are  unnecessary,  if  we  can  be  convinced  that  coral-reefs  grow 
up  independent  of  terrestrial  movements,  which  may,  in  one 
area,  be  in  an  upward,  in  another,  in  a  downward,  direction. 
From  this  point  of  view,  the  reefs  stand  up  as  the  result  of  a 
complex  series  of  agencies,  among  which  the  more  important 
are,  on  the  one  hand,  the  temperature,  solvent  power,  currents, 
tides,  and  waves  of  the  sea ;  and,  on  the  other  hand,  the 
amount  and  direction  of  the  supply  of  pelagic  food,  the  up- 
building of  calcareous  deposits  to  the  zone  of  reef-builders, 
the  vigorous  growth  of  the  coral  masses  on  their  outer  faces, 
and  their  death,  decay,  and  the  solution  of  their  skeletons  in 
the  inner  parts  of  the  reefs.  All  these  causes  are  known  and 
visibly  active.  Without  the  co-operation  of  any  other  sup- 
posed or  latent  force,  they  appear  to  be  entirely  adequate  to 
the  task  of  building  up  the  present  coral-reefs  of  the  oceans. 
I  fear  I  have  considerably  overstepped  the  limits  of  time 
within  which  this  address  should  have  been  confined.  Let 
me  only,  in  conclusion,  advert  to  the  interesting  bearing  of 
our  newer  information  about  coral-reefs  and  modern  marine 
limestones  upon  the  elucidation  of  the  origin  of  ancient  lime- 
stones. Every  geologist  who  has  worked  among  the  calcare- 
ous intercalations  of  the  older  palaeozoic^  rocks,  is  familiar 
with  their  frequent  strangely  lenticular  character.  A  lime- 
stone, several  hundred  feet  thick,  suddenly  dwindles  down 
and  disappears  in  a  most  inexplicable  way.  The  suggestion 
of  cross-faults  cannot  be  entertained.  If,  however,  we  regard 
such  limestones  as  akin  in  their  mode  of  growth  to  modern 
coral-reefs,  whether  formed  by  actual  corals  or  by  other  reef- 
builders,  we  obtain  a  possible  solution  of  the  difficulty.  A 
very  successful  attempt  in  this  direction  has  recently  been 
made  by  my  friend  M.  Dupont,  Director  of  the  Geological 
Survey  of  Belgium,  in  reference  to  the  remarkable  lenticular 
masses  of  limestone  in  the  Devonian  system  of  Belgium.^ 

^  Balletin  Acad.  Royale  Belgique,  3d  s^r.,  tome  ii.,  1881,  p.  264;  Bulletin 
Mus.  Royal  Belgique,  1883. 
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These  calcareous  bosses,  formed  of  masses  of  Stromatopora 
and  other  aggregated  organisms,  lie  among  argillaceous  and 
arenaceous  strata,  which  appear  to  have  formed  great  sub- 
marine banks.  Their  structure  is  quite  explicable  on  the 
supposition  that  they  began  in  one  or  more  scattered  clumps 
upon  these  banks,  and  gradually  grew  up  there  into  atoll-like 
reefs,  as  coral-reefs  are  now  doing  upon  the  banks  off  the 
Florida  coast. 

And  now  it  only  remains  for  me  to  thank  you  cordially  for 
the  honourable  position  in  which  your  good  will  placed  me 
two  years  ago,  and  for  the  uniform  kindness  and  forbearance 
with  which  my  shortcomings  in  the  discharge  of  the  duties 
of  President  have  been  condoned.  I  wish  for  this  already 
venerable  Society  many  long  years  of  active  usefulness,  and  I 
trust  that  it  may  continue  to  be  in  the  future,  as  it  has  been 
in  the  past — sl  centre  into  which  the  younger  blood  of  genera- 
tion after  generation  will  flow,  and  from  which  the  warmth  of 
sympathy  and  help  will  cheer  and  stimulate  the  early  career 
of  many  a  distinguished  naturalist  in  days  to  come. 


[Note  added  January  1884.  —  An  interesting  series  of 
soundings  made  last  autumn,  in  what  was  previously  be- 
lieved to  be  deep  water  between  the  Mediterranean  Sea  and 
the  Canary  Islands,  has  revealed  the  existence  of  submarine 
mountains,  rising  in  some  parts  to  within  less  than  fifty 
fathoms  from  the  ^rface,  and  covered  with  growing  and  dead 
corals.  These  elevations  are  almost  certainly  of  volcanic 
origin.  Their  tops  are  now  being  raised  in  level  by  the 
growth  of  calcareous  organisms  upon  them.  It  is  interesting 
to  find  this  corroboration  of  the  views  above  advocated,  from 
an  area  of  comparatively  cold  water  where  reef-building 
corals  do  not  live.  See  paper  (by  Mr  J.  Y.  Buchanan)  in 
Times,  7th  December  1883. 

Professor  Eein,  whose  work  on  Bermudas  is  cited  on  p.  10, 
has  been  so  good  as  to  call  my  attention  to  a  later  contribu- 
tion by  him  to  the  anti-subsidence  literature  of  coral-reefs. 
It  was  published  in  the  Verhandlungen  erst,  deutsch.  Geo- 
grapJientags,  1881  (p.  29),  and  is  entitled — "  Die  Bermudas- 
Inseln  und  ihre  Korallenriffe,  nebst  einem  Nachtrage  gegen 


Professor  Herdman  on  the  Stnicture  of  Sarcodictyon.    31 

die  Darwin'sche  Senkungstheorie."  In  this  interesting  paper 
the  author  emphasises  his  dissent  from  the  theory  of  subsi- 
dene  .nd  ,efe»  to  tte  confirmation  of  hi,  originJWstion 
by  the  deep-sea  explorations  of  recent  years.  In  the  ap- 
pendix he  sums  up  his  conclusions,  asserting  that  the  as- 
sumption of  extensive  submergence  in  the  coral  seas  rests 
on  supposition,  and  not  on  exact  observations,  the  supposed 
vast  thickness  of  modem  coral-reefs  being  illusory  and  un- 
supported by  any  measurements ;  that  the  association  of  all 
the  kinds  of  coral-reef  within  the  same  limited  area  is 
inexplicable  on  Darwin's  theory ;  that  in  no  geological  for- 
mation, from  palaeozoic  up  to  recent  time,  are  there  any 
coral-reefs  approaching  the  thickness  asserted  to  characterise 
living  reefs,  their  average  depth  being  much  less  than  300 
metres;  that  coral-reefs  may  be  simply  and  naturally  ex- 
plained as  the  crowning  of  submarine  banks  which  have 
been  sufficiently  heightened  by  the  accumulation  of  the 
remains  of  plants  and  animals;  and  that  the  form  of  the 
reefs,  especially  of  the  atolls,  depends  primarily  on  the  shape 
of  the  bottom  and  the  food-supply,  and  is  thus  more  simply 
and  naturally  accounted  for  than  by  subsidence.] 


I.  On  the  Structure  of  Sarcodictyon.  By  W.  A.  Herdman, 
Esq.,  D.Sc,  F.L.S.,  Professor  of  Natural  History  in 
University  College,  Liverpool.     [Plates  I.-III.] 

(Read  19th  December  1883.) 

I.  Introductory. 

While  dredging  in  Lamlash  Bay,  Arran,  during  the  sum- 
mer of  1880, 1  was  fortunate  enough  to  obtain  several  good 
living  specimens  of  Sarcodictyon  catenata  (Forbes).  They 
were  all  small  colonies  of  the  usual  red  colour,  and  attached 
to  pieces  of  stone  and  dead  shells.  As  I  was  occupied  with 
another  group  of  animals  at  the  time  I  contented  myself  with 
identifying  the  species,  and  then  preserved  them  in  alcohol 
for  future  use. 

Last  September  (1883),  while  dredging  in  the  neighbour- 
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bood  of  Tarbert,  Loch  Fyne,  I  again  met  with  Swreodidyom 
growing  over  stones  and  shells,  but  this  time  two  fonns 
occurred,  one  red  and  the  other  pale  yellow.  This  dicum- 
stance  induced  me  to  examine  the  minute  structure  of 
the  two  varieties  with  the  view  of  determining  whether  or 
not  there  is  any  essential  difference  between  them,  and  on 
returning  to  Liverpool  I  examined  the  specimens  dredged  at 
Lamlash  in  1880. 

All  the  colonies  in  my  possession  appear  to  belong  to  one 
species,  Sarcodictyon  catenata  (Forb.).  Although  this  form 
has  been  briefly  described  or  referred  to  by  several  authors, 
its  anatomy  and  histology  have  never,  I  beUeve,  been 
thoroughly  investigated. 

II.  Historical. 

The  species  was  first  discovered  and  named  by  Professor 
Kdwartl  Forbes,  but  I  have  not  been  able  to  find  his  original 
description  of  it,  if  one  was  ever  published.  In  Johnstone's 
"History  of  British  Zoophytes,"  2d  edition ^  (1847),  the 
j^oneric  and  specific  descriptions  of  Sarcodictyon  catenata  are 
given  on  Forbes'  authority,  but  without  any  reference  to  a 
])ublication,  while  the  few  rough  but  characteristic  figures  of 
tlie  appearance  of  the  colony  are  stated  to  be  reproductions 
of  Forbes'  drawings.  From  this  it  seems  likely  that  Forbes 
did  not  publish  an  account  of  Sarcodictyon  previous  to  1847, 
but  supplied  I)r  Johnstone  with  the  descriptions  and  figures 
found  in  the  "  British  Zoophytes,"  2d  edition.  In  that  work, 
the  species  is  rightly  placed  amongst  the  Alcyonaria,  and  the 
description  and  figure  are  sufficient  for  identification,  but  no 
account  of  the  minute  structure  is  given. 

In  January  and  February  1851,  Professor  Edward  Forbes 
read  before  the  Royal  Society  of  Edinburgh  a  paper  ^  entitled 
"  On  some  remarkable  Marino  Invertebrata  new  to  the 
British  Seas,"  in  which  he  stated,  that  while  on  a  yachting 

'  The  genus  Sarcodictyon  is  not  mentioned  in  the  1st  edit.  (1838),  and  it 
is  not  referred  to  in  Mr  William  Thompson's  "Report  on  the  Fauna  of 
Ireland"  (Brit  Assoc.  Rep.,  1843,  p.  245),  where  all  the  known  British 
Alcyonaria  are  given  upon  Dr  George  Johnston's  authority ;  consequently 
Forbes  must  have  discovered  it  between  1843  and  1847. 

3  Trans.  Roy.  Soc.,  Edinb.,  vol.  xx.,  p.  307,  1853. 


Professor  Herdman  on  the  Stmcture  of  Sarcodictyon.     33 

cruise  among  the  Hebrides  during  August  1850  he  dredged 
Sarcodictyon  catenata  and  also  a  second  species,  Sarcodictyon 
agglomerata,  "  in  30  fathoms  water  ofif  CrouUn  Island,  and 
also  between  Easa  and  Scalpa."  In  this  paper  Sarcodictyon 
agglomerata  is  described  as  a  new  species,  and  a  brief 
account  is  given  of  its  external  appearance,  in  which  it  is 
stated  that  the  colour  is  "invariably  ochraceous  yellow," 
while  "  the  polype  cells,  instead  of  being  arranged  in  single 
file,  are  grouped  together  in  assemblages  of  from  three  to 
five,  each  group  being  connected  with  its  neighbours  by  a 
stolon-like  extension  of  the  polypidom." 

In  the  previous  summer,  in  his  "  Eeport  on  the  Investiga- 
tion of  British  Marine  Zoology  by  means  of  the  Dredge," 
read  before  the  British  Association  at  Edinburgh,^  Forbes 
had  referred  to  the  two  species  of  Sarcodictyon  as  having 
been  found  in  the  following  localities : — S,  catenata,  in  1845, 
ofif  Armadale,  Sound  of  Skye,  1\  mile  from  shore,  depth, 
25  fathoms,  bottom,  mud  and  stones ;  in  1845,  at  entrance 
of  Sound  of  Skye,  \  mile  from  shore,  depth,  20  to  30  fathoms, 
bottom,  mud  and  stones;  in  1850,  in  Aros  Bay,  Sound  of 
Mull,  1  mile  from  shore,  depth,  25  fathoms,  bottom,  stones 
and  sand;  in  1850,  ofif  Croulin  Island,  J  to  1  mile  from 
shore,  depth,  25  fathoms,  bottom,  gravel;  also  in  Clyde 
district,  depth,  20  fathoms,  bottom,  stones ;  and  in  Hebrides, 
depth,  15  to  20  fathoms,  bottom,  stones  and  shells.  S. 
agglomerata,  ip  1850,  ofif  Croulin  Island,  \  mile  from  shore, 
depth,  30  fathoms,  bottom,  stones  and  gravel  Hence  1845 
appears  to  be  the  date  of  the  .  discovery  of  Sarcodictyon 
catenata. 

In  the  "Annals  and  Magazine  of  Natural  History"  for 
1858,^  Mr  P.  H.  Gosse  has  a  paper  "  On  Sarcodictyon  catenata 
(Forbes),"  in  which  he  gives  an  account  of  a  small  colony  of 
the  spedies,  which  he  found  on  the  south  coast  of  England, 
and  succeeded  in  keeping  alive  for  some  time  in  an  aquarium. 
Some  points  in  his  description  will  be  referred  to  further  on. 

In  December  1867,  Pourtales,  in  the  "  Contributions  to  the 


^  Brit.  Assoc.  Rep.,  1850,  p.  192,  etseq, 
Ann.  and  Mag.  Nat  Hist.,  ser.  8,  vol.  ii.,  p.  276. 
VOL.  vin. 


34  Proceedings  of  the  Royal  Physical  Society, 

Fauna  of  the  Gulf  Stream,"  ^  described  a  new  species,  Sar- 
codictyon  rugosurriy  as  having  been  found  off  Havana  in  1270 
fathoms.  His  brief  diagnosis  contains  what  are  probably 
generic  characters  only,  with  the  exception  of  the  statement 
"colour  dirty  white,"  consequently  it  is  difficult  to  say 
whether  or  not  S,  rugosum  is  really  distinct  from  the  British 
species. 

In  1870,  Mr  W.  Saville  Kent,  in  a  short  paper  "On 
two  new  genera  of  Alcyonoid  Corals  taken  in  the  recent 
Expedition  of  the  Yacht  *  Noma '  off  the  coast  of  Spain  and 
Portugal,"  ^  described  a  new  genus,  Crymnosarca,  with  one 
species,  G.  lathylius,  found  off  the  coast  of  Cezimbra,  Portugal, 
at  a  depth  of  500  fathoms.  The  short  generic  description 
seems  to  be  applicable  in  every  detail  mentioned  to  any  of  the 
described  species  of  Sarcodictyon,  so  that  if  really  distinct 
Gh/mnosarca  must  be  a  very  close  ally  indeed.  The  above, 
with  the  exception  of  a  passing  reference  to  the  structure  of 
Sarcodictyon  in  a  paper  ^  by  Mr  Sydney  Hickson  just  pub- 
lished, is  the  entire  literature  of  the  genus,  so  far  as  I  have 
been  able  to  ascertain. 

In  regard  to  the  zoological  position  of  the  genus,  Milne 
Edwards  and  Haime,  in  their  synopsis  of  the  genera  of 
Zoophytes,*  place  Sarcodictyon  in  the  family  Alcyonidse, 
sub-family  Cornularinse.  Forbes^  objects  to  this,  and  insists 
upon  its  close  relationship  to  Alcyonium,  from  which,  he 
says, "  it  differs  merely  in  the  stoloniferous  method  of  growth." 
Saville  Kent,®  Claus,^  and  other  recent  authors,  agree  in 
placing  Sarcodictyon  close  to  Gornularia  and  Clavularia, 
and  this  seems  undoubtedly  to  be  the  true  position  of  the 
genus.® 

^  Bull.  Mus.  Comp.  Zool.  Harvard  Coll.,  Cambridge,  U.S.  America,  vol.  1., 
No.  6,  p.  113. 
'  Quart.  Jour.  Micro.  Science,  vol.  x.,  p.  397. 
^  Ibid.t  vol.  xxiii.,  No.  xcii.,  p.  656,  1883. 

*  Monogr.  des  Polyp.  Foss.,  Arch,  du  Mus.  d'hist.  Nat.,  t.  v.,  p.  181. 
^  Loc.  cU.f  p.  809. 

*  Quart.  Jour.  Micro.  Science,  vol.  x.,  p.  397. 

7  Grundziige  der  Zoologie,  p.  208,  1876. 

8  Hickson  (Proc.  Roy.  Soc,  No.  226,  1883)  proposes  to  unite  these  genera 
with  Tubipora  in  one  group — the  Stolonifara. 
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III.  Structural. 

A  colony  of  Sarcodictyon  catenata  presents  the  appearance 
of  a  narrow  band,  the  stolon,  adhering  to  the  surface  of  a 
stone  or  fragment  of  shell,  and  bearing  at  intervals  conical 
enlargements,  the  polypes.^ 

The  Stolon  is  flattened  from  above  downwards  so  as  to  form 
a  comparatively  tljin  crust  closely  attached  to  the  stone  or 
shell  It  is  thickest  in  the  middle  of  its  breadth,  and  thin 
at  the  edges,  so  that  in  section  its  upper  surface  is  convex. 
Most  of  the  pieces  of  stolon  which  I  have  measured  are  from 
1*5  to  2  mm.  in  breadth,  a  few  are  narrower  or  broader.  In 
some  cases  I  have  found  free  tips  of  stolons  not  connecting 
polypes,  which  were  tapering  and  very  thin.  These  were 
clearly  growing  points.  They  were  of  a  paler  colour  than 
the  rest,  being  almost  colourless  in  the  red  variety,  and  quite 
colourless  in  the  yellow  variety. 

In  a  few  cases  (see  right-hand  end  of  PI.  L,  Fig.  1)  the 
stolon  is  enlarged  at  its  edges  to  form  an  expansion  of  con- 
siderable breadth,  which  may  even  occasionally  (PL  I.,  Fig.  2) 
support  several  polypes  side  by  side.  Hence  the  polypes  are  not 
always  placed  in  a  single  series.  Such  a  case  appears  not  to 
have  been  met  with  by  Mr  Hickson,  and  it  seems  to  supply 
a  link  in  his  chain  leading  up  to  an  expanded  lamellar  stolon 
underlying  all  the  polypes  of  a  colony,  as  in  the  case  of 
Tvhipora,^  Its  bearing  upon  Forbes'  Sarcodictyon  agglo- 
raerata  I  shall  discuss  later  on. 

The  stolon  expands  slightly  as  it  approaches  the  base  of  a 
polype,  and  is  usually  narrowest  half-way  between  two 
polypes.  The  stolons  branch  frequently,  but  always  at  the 
base  of  a  polype,  a  branch  never  being  given  off  between  two 
polypes.  They  also  anastomose,  the  points  of  union  being 
again  always  at  a  polype,  so  that  in  the  networks  formed 

^  The  colonies  I  have  examined  vary  in  the  number  of  their  polypes  from 
3  to  about  150.  Gosse  {loc,  dt,  p.  276)  speaks  of  some  polypes  as  being 
isolated.  I  have  not  met  with  any  in  that  condition.  My  colonies  number 
as  follows: — Yellow  variety,  Loch  Fyne,  12  and  14  polypes;  red  variety, 
Loch  Fyne,  3,  4,  9,  17,  50,  120,  and  150 ;  red  variety,  Lamlash,  30,  82,  35, 
37,  50,  77,  and  a  few  others  not  counted. 

'  Quart.  Jour.  Micro.  Science,  voL  xziii.,  No.  xcii.,  p.  576,  1883. 
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(see  PL  I.,  Fig.  1)  a  polype  is  always  placed  at  each  angle 
of  the  meshes.  Of  course,  in  order  to  form  a  closed  mesh, 
besides  branching,  union  must  have  taken  place  between 
the  growing  tips  of  two  stolons,  but  I  have  not  been  able 
to  find  traces  of  this  in  any  of  my  specimens,  and  conse- 
quently I  am  unable  to  say  whether  the  union  takes  place 
at  the  base  of  a  polype  or  between  two  polj^es. 

In  one  or  two  cases  I  found  the  growing  tips  of  stolons 
projecting  beyond  the  edges  of  the  stone  to  which  the  colony 
was  attached,  and  one  of  these  had  three  small  polypes  on  it, 
thus  showing  how  a  colony  projecting  freely  upwards  might 
be  developed  from  an  incrusting  form. 

The  Polypes  vary  somewhat  in  form,  but  are  always  more 
or  less  dome-shaped  or  conical,  with  the  top  truncated.  In 
a  couple  of  cases  the  polypes  upon  one  surface  (probably  the 
lower  one)  of  a  stone  were  much  lower  than  those  upon  the 
other  surface.  Fig.  5  on  PL  I.  shows  the  most  usual  shape 
of  polype  in  profile  view.  It  rises  very  considerably  above 
the  surface  of  the  stone,  even  in  this  contracted  condition, 
and  doubtless  attains  a  much  greater  height  when  living 
and  expanded. 

I  did  not  succeed  in  getting  any  of  my  colonies  to  ex- 
pand ;  but  Mr  Gosse  describes  his  living  polypes  as  having, 
when  expanded,  a  height  of  \  of  an  inch,  and  a  diameter 
of  T^g-  of  an  inch.  The  usual  size  of  my  retracted  speci- 
mens is  2  mm.  in  diameter  at  the  base,  and  2  to  2*5  mm. 
in  height;  but  there  are  a  few  polypes  which  have  partially 
expanded  on  being  placed  alive  in  alcohol,  and  these  show 
above  the  body  shown  in  Fig.  5  a  colourless  zone  1  mm. 
high  and  1  mm.  in  diameter,-  and  terminating  in  the  mouth 
opening  surrounded  by  the  circle  of  tentacles,  which  attain  a 
length  of  about  2  mm.  Hence  my  partially  expanded  polype 
measures,  including  tentacles,  about  5  mm.  in  height.  The 
examination  of  such  expanded  polypes  shows  that  in  the  con- 
tracted specimens  the  upper  part  of  the  body  has  been 
entirely  retracted,  and  is  not  visible  externally. 

The  upper  end  of  the  contracted  polypes  shows  a  truncated 
rounded  surface  with  a  central  aperture  (see  PL  I.,  Fig.  6) 
surrounded  by  eight  equal-sized  and  fairly  regular  lobes. 
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Fig.  14  in  PL  I.  shows  a  transverse  section  through  the  lobes. 
The  grooves  between  these  lobes  are  in  some  specimens  con- 
tinued down  the  side  walls  of  the  body,  so  as  to  be  visible  in 
profile  view  as  lines  extending  nearly  to  the  base  (PL  I., 
Fig  5),  In  a  specimen  not  quite  so  much  contracted  as  the 
one  shown  in  Fig.  6,  the  terminal  aperture  was  wide,  the 
lobes  were  very  regular,  and  a  colourless  mass,  formed  by  the 
upper  part  of  the  body  bearing  the  mouth  and  the  tentacles, 
was  visible  in  the  aperture  between  them  (see  PL  I.,  Fig.  7). 
Consequently,  the  terminal  aperture  in  Figs.  5,  6,  and  7  is  not 
the  mouth  opening,  but  is  merely  the  termination  of  the  non- 
retractile  side  walls  of  the  body. 

This  non-retractile  part  of  the  body  is,  like  the  stolon, 
coloured  either  dull  red  or  pale  yellow,  according  to  the 
variety,  but  the  retractile  region  above  is  either  much  paler 
and  more  transparent,  or  usually  quite  colourless.^  It  is 
shown  in  PL  I.,  Fig.  8,  which  has  been  constructed  by  com- 
bining portions  of  two  or  three  partially  expanded  polypes. 
Its  upper  end  bears  the  mouth,  surrounded  by  the  eight  com- 
pound tentacles,  which  seem  to  have  a  slight  web  uniting 
their  bases,  the  result  being  that  the  body  seems  in  profile 
view  to  expand  slightly  at  its  upper  end. 

The  tentacles  (PL  I.,  Figs.  8-11)  are  not  long  (2  to  2*5 
mm.  in  length),  and  are  broadest  about  half-way  up.  They 
taper  to  a  rather  blunt  point  at  the  tip.  In  one  or  two 
cases  (see  Fig.  11)  the  tip  is.bifurcated.  Short  stumpy  pinnse 
are  borne  on  the  sides  of  the  tentacles ;  there  are  from  10  to 
20  of  these  pinnae  upon  each  side,  14  to  16  are  usual 
numbers.  They  are  largest  on  the  wide  central  part  of  the 
tentacle,  and  decrease  in  size  .towards  the  base  and  the  tip. 
There  are  usually  three  or  four  pairs  of  very  short  pinna3  at 
the  base  of  each  tentacle  (see  Fig.  9). 

A.: — Anatomy. 

The  general  anatomy  of  each  polype  is  of  the  ordinary 
Alcyonarian  type.    The  mouth,  which  is  placed  on  the  sum- 

^  In  one  specimen  of  the  ordinary  red  variety  I  noticed  that  the  tentacles 
and  upper  part  of  the  body  were  slightly  but  distinctly  yellow,  thus  forming 
an  interesting  transition  to  the  yellow  variety  with  colourless  spicules. 
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mit  of  a  slight  eminence  (PL  I.,  Fig.  12),  leads  into  the  gastric 
tube  or  stomodseum,  the  fli^ttened  Inmen  of  which  is  much 
encroached  upon  by  thickenings  of  the  walls.  This  tube  opens 
freely  at  its  lower  or  aboral  end  into  a  body  cavity,  which  is 
limited  by  the  base  below,  and  by  the  body  walls  at  the  sides, 
while  it  is  continued  above  into  the  cavities  of  the  tentacles. 
This  body  cavity  is  crossed  by  eight  delicate  membranes,  the 
mesenteries,  which  are  attached  to  the  outer  wall  of  the 
gastric  tube  at  equidistant  points  (which  alternate  with  the 
tentacles  above),  and  radiate  outwards  to  be  attached  by  their 
outer  edges  to  the  inner  surface  of  the  body  walL 

Three  layers  enter  into  the  constitution  of  the  body:  Ist,  the 
ectoderm  covers  the  entire  outer  surface  of  the  base  and  body 
wall,  both  retractile  and  non-retractile  parts,  of  the  tentacles 
and  their  pinna;,  and  is  continued  in  at  the  mouth  opening 
to  line  the  gastric  tube  in  its  entire  extent ;  2d,  the  endoderm 
lines  the  body  cavity  throughout,  cdkts  both  lateral  faces  of 
the  eight  mesenteries  and  the  outer  surface  of  the  gastric 
tube,  and  lines  the  inner  surfaces  of  the  tentacles ;  3d,  the 
mesoderm  lies  in  all  parts  of  the  body  between  ectoderm  and 
endoderm,  consequently  it  enters  into  the  composition  of  the 
body  wall,  the  tentacles,  the  gastric  tube,  and  the  mesenteries. 
In  some  places  the  mesoderm  becomes  greatly  thickened,  and 
in  certain  regions  may  develop  calcareous  spicules  in  its 
interior. 

In  a  transverse  section  through  the  upper  part  of  the  body 
of  a  retracted  polype,  such  as  is  shown  in  PL  I.,  Fig.  16, 
one  finds  two  concentric  rings  of  tissue  united  by  eight 
narrow  radiating  bands  (see  PL  I.,  Fig.  16, 7ny.).  The  outer 
ring  is  the  non-retractile  body  wall,  formed  of  an  outer  layer 
of  ectoderm  and  an  inner  layer  of  endoderm,  united  by  a  thick 
mass  of  mesoderm.  The  inner  ring  is  the  retractile  or  invagi- 
nated  body  wall,  and  is  formed  by  an  outer  layer  of  endoderm 
and  an  inner  layer  of  ectoderm  united  by  thick  mesoderm. 
The  lumen  of  the  tube  (i.  t)  formed  by  this  invagination 
is  flattened  from  side  to  side,  and  then  somewhat  irregu- 
larly pulled  out  radially  towards  the  points  of  attachment  of 
the  mesenteries  which  cross  the  body  cavity,  and  are  formed 
by  plates  of  mesoderm  covered  on  both  sides  by  endoderm, 
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the  result  being  that  the  eight  inter-mesenteric  spaces  are 
lined  throughout  by  endoderm.  Each  inter-mesenteric  space 
is  continued  into  the  cavity  of  a  tentacle. 

A  transverse  section  through  the  body  further  down,  at  about 
the  level  of  the  retracted  mouth  (see  PL  I.,  Fig.  18),  shows 
externally  the  body  wall,  while  from  its  inner  surface  the  eight 
mesenteries  project  towards  the  centre  of  the  section.  After 
running  some  distance  inwards,  they  become  complicated  and 
split  into  two  lateral  halves,  which  join  the  side  walls  of  the 
neighbouring  tentacles  (PL  I.,  Fig.  18,  tn),  seen  cut  at  various 
angles,  and  lying  retracted  in  the  inter-mesenteric  chambers. 
The  open  central  space  in  the  section  is  the  region  immedi- 
ately above  the  mouth  opening.  Fig.  19  on  PL  I.  represents  a 
section  cut  obliquely  through  the  lower  end  of  the  invaginated 
tube,  so  as  to  show  the  passage  from  the  one  condition  to  the 
other.  The  upper  half  of  the  section  shows  the  invaginated 
tube  and  the  simple  attached  mesenteries,  while  the  lower 
half  shows  the  thickened  and  complicated  mass  formed  by 
the  retracted  tentacles  lying  in  the  inter-mesenteric  chambers. 

A  longitudinal  section  through  one  of  the  polypes  in  a 
retracted  condition  shows  the  body  wall  turned  in  at  the 
top  of  the  section,  to  continue  the  non-retractile  into  the 
retractile  portion  (PL  I.,  Fig.  13).  The  retractile  or  invagi- 
nated portion  {i.  t)  is  found  to  be  folded  upon  itself,  so  as  to 
form  a  sac-like  involution  on  each  side  of  the  section.  The 
true  mouth  opening  is  shown  at  m,  while  the  lower  end  of 
i.  t  indicates  the  upper  edge  of  the  side  wall  of  the  body  in 
the  completely  expanded  condition.  The  region  between  the 
dotted  lines  from  tn,  is  one  of  the  tentacles  cut  in  section ; 
its  tip  is  seen  opposite  tn.  From  this  section  it  is  obvious 
that,  when  retracted,  the  tentacles  are  received  into  the 
inter-mesenteric  chambers,  and  are  partially  but  not  com- 
pletely invaginated,  the  invagination  extending  for  roughly 
about  half  of  their  length,  while  the  terminal  portion  lies 
within  the  cavity  formed  by  the  invaginated  portion. 

The  mouth  leads  into  the  gastric  tube,  which  is  found  in  such 
a  longitudinal  section  to  have  its  walls  thrown  into  a  number 
of  strongly-marked  horizontal  folds,  the  result  being  that  in 
a  transverse  section  of  such  a  contracted  polype  the  wall  of 
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the  gastric  tube  may  be  cut  twice  or  even  thrice,  instead  of 
once.  Such  a  condition  is  seen  in  Fig.  4  on  PI.  III.,  where 
the  wall  of  the  gastric  tube  appears  three  times  in  one  part 
of  the  section. 

In  a  section  lower  down,  below  the  gastric  tube,  the  inner 
ends  of  the  mesenteries  are  free,  but  thickened  and  con- 
voluted, as  will  be  described  further  on. 

B. — Histology. 

The  histology  of  the  different  parts  of  the  animal  must  now 
be  considered  in  detail.  The  ectoderm  is  covered  in  the  non- 
retractile  part  of  the  body  wall  by  a  delicate  structureless 
cuticle.  Gosse  ^  inferred  that  the  integument  was  of  a 
chitinous  nature,  from  the  way  in  which  the  dead  polype 
retained  its  form.  The  cuticle  is  clearly  visible  in  most  of 
my  sections  through  the  non-retractile  portion  of  the  body 
wall ;  and  I  have  succeeded  in  some  places  in  tearing  it  off, 
so  as  to  have  it  in  the  isolated  condition.  At  first  I  thought 
it  was  confined  to  this  non-retractile  part  of  the  body  wall, 
but  as  I  afterwards  found  a  delicate  layer  visible  covering 
the  ectoderm  lining  the  upper  part  of  the  invaginated  tube, 
it  is  probable  that  it  is  secreted  over  the  whole  surface  of  the 
ectoderm,  though  possibly  it  is  much  thicker  on  the  non- 
retractile  body  wall  than  elsewhere.  I  have  not  been  able  to 
find  any  trace  of  it  on  the  tentacles  or  in  the  gastric  tube. 
The  cuticle  appears  perfectly  structureless,  and  is  of  a  pale 
brown  colour,  staining  slightly  yellow  with  picro-carmine. 

The  ectoderm  below  the  cuticle  is  formed  of  a  single  layer 
of  cells,  which  in  section  (see  PI.  II.,  Fig.  8,  ec)  are  elongated 
and  spindle-shaped,  with  distinct  nuclei  in  the  wider  central 
portion.  In  surface  view  they  are  large  polygonal  squames, 
with  granular  contents  and  distinct  centrally-placed  nuclei 
(PL  II.,  Fig.  7,  ec).    They  stain  light  pink  with  picro-carmine. 

The  mesoderm  of  the  body  wall  is  a  thick  layer  of  tissue, 
which  seems  intermediate  between  a  gelatinous  and  a  cartila- 
ginous condition.  It  consists  of  an  apparently  structureless 
matrix,  containing  scattered  through  it  small  rounded  and 

^  Loc.  cU,,  p.  278. 
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fusiform  connective-tissue  cells,  and  penetrated  in  all  direc- 
tions by  a  system  of  branching  and  anastomosing  tubules  lined 
by  endoderm  cells,  and  continuous  with  the  body  cavity. 
There  are  also  a  large  number  of  spaces  in  the  matrix  of  the 
mesoderm,  simple  lacunae  which  lie  between  the  endoderm 
tubules  (see  PL  II.,  Fig.  16,  lac),  and  are  found  chiefly  in  the 
outer  part  of  the  body  wall  (PL  III.,  Fig.  1,  lac).  Probably 
these  spaces  communicate  with  the  tubules. 

The  mesoderm  also  contains  curiously  shaped  calcareous 
spicules,  which  are  rare  in  the  upper  parts  of  the  body 
wall,  but  abundant  in  the  lower  parts  and  in  the  stolon, 
where  they  form  an  almost  continuous  layer,  and  add  greatly 
to  the  strength  and  stiffness  of  the  tissues.  These  spicules 
are  of  a  dull  red  colour,  and  give  to  the  body  wall,  and  thus 
to  the  whole  colony,  its  characteristic  hue.  In  the  pale 
variety,  from  Loch  Fyne,  the  spicules  are  colourless,  and  the 
slight  tint  of  the  colony  is  due  to  the  soft  tissues  of  the 
animal. 

The  spicules  vary  greatly  in  shape,  sometimes  they 
are  rod-like,  sometimes  branched  or  forked,  and  sometimes 
plate-like,  but  usually  more  or  less  echinated  or  spinose.  I 
have  been  able  by  examining  an  immense  number,  a  selec- 
tion from  which  are  represented  on  PL  II.,  to  make  out 
that  all  the  different  forms  are  produced  by  the  imion  of  a 
few  simple  spicules  shaped  like  a  wedge,  or  more  exactly 
like  a  quadrilateral  terminated  by  an  isosceles  triangle. 
This  simple  form  is  shown  at  Fig.  3  on  PL  II. 

In  the  young  growing  point  of  the  stolon  of  a  specimen 
(see  PL  I.,  Fig.  4)  of  the  yellow  variety  from  Loch  Fyne,  I 
found  the  comparatively  simple  spicules  shown  in  Figs.  1  and 
2  on  PL  II.  Fig.  1  shows  these  spicules  in  their  relative 
positions,  magnified  about  50  times.  Fig.  2  gives  a  few  of 
them  more  highly  magnified  to  show  their  composition  out  of 
simple  wedges,  a  is  formed  of  two  rods.  In  6  the  rods  are 
spinose.  In  c  they  have  bifurcated,  d,  e,  and  /,  are  formed 
of  irregular  wedges.  In  g  three  wedges  have  joined,  h  also 
shows  three  wedges  with  a  space  for  the  narrow  end  of  a 
fourth.  In  i  four  wedges  have  imited  symmetrically.  In  j 
and  k  they  are  more  irregular.     While  in  I  they  form  a  cross, 
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and  their  lines  of  junction  are  almost  obliterated.  Fig.  6, 
PI.  II.,  shows  a  series  of  spicules  from  the  growing  point  of 
the  stolon  of  the  red  variety.  Here,  in  addition  to  forms 
similar  to  these  described  above,  there  are  also  to  be  frequently 
seen  rosettes,  formed  by  the  union,  more  or  less  regularly,  of 
six  wedges. 

In  Fig.  5  on  PI.  II.  a  mass  of  spicules  from  the  meso- 
derm of  the  body  wall  is  shown.  They  are  drawn  in 
their  relative  positions,  and  form  as  may  be  seen  a  dense 
layer.  In  the  lower  part  of  the  body  wall  they  are  in  some 
places  several  layers  thick.  In  most  of  them  the  lines 
indicating  the  union  of  wedges  have  become  obliterated,  but 
here  and  there  they  can  still  be  traced,  and  aU  the  various 
forms  found  may  be  reduced  to  a  small  number  of  simple 
spicules  united  by  their  narrow  ends,  and  usually  more  or 
less  spinose  on  their  surfaces.  When  more  highly  magnified 
these  spicules  are  found  to  present  a  minutely  dotted  or 
granulated  appearance,  such  as  is  represented  in  Fig.  4, 
PI.  II. 

In  the  upper  part  of  the  body  wall,  the  spicules  be- 
come slighter,  less  numerous,  and  paler  in  colour,  and 
the  red  colour  of  the  body  waU  ceases  altogether  a  short 
distance  below  the  tentacles.  Above  this,  and  in  the 
tentacles  themselves,  spicules  are  present,  but  they  are  slender 
and  perfectly  colourless.  No  spicules  are  found  in  the 
upper  three  pairs  or  so  of  pinnae  and  the  corresponding 
portion  of  the  axis  of  the  tentacle.  Below  this  point  a  few 
simple  rod-like  spicules  make  their  appearance  (PL  II.,  Fig. 
10),  and  as  the  tentacle  is  traced  downwards,  the  spicules 
are  found  to  increase  in  size  and  strength,  to  unite  as  shown 
in  Figs.  10  and  11,  and  to  form  figures  like  these  described 
from  the  stolon,  but  having  the  branches  slighter  and  more 
rod-like.  One  or  two  very  pale  red  spicules  were  found  in 
the  tentacles,  near  to  the  base. 

The  endoderm  of  the  body  wall  is  a  thin  layer  lining  the 
inner  surface  of  the  mesoderm.  It  is  formed  of  irregular 
cells  mostly  somewhat  spherical  or  columnar  through  mutual 
pressure,  and  apparently  in  some  places  several  layers  deep. 
In  some  sections  many  rounded  granular  cells  were  found 
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lying    freely    in   the    inter-mesenteric    chambers.        They 
appeared  to  be  endoderm  cells. 

Tubules  are  given  off  from  the  body  cavity  into  the  thick 
mesoderm  of  the  body  wall,  and  these  are  all  lined  by 
endoderm  cells  continued  in  from  the  surface  (PI.  III.,  Fig.  1, 
en,  cce).  The  nuclei  of  these  cells  form  conspicuous  dots  on 
the  walls  of  the  tubules  in  sections  stained  with  picro-car- 
mine.  These  tubules  probably  open  into  the  lacunae  lying  in 
the  mesoderm,  and  both  tubules  and  lacunae  are  continued 
into  the  stolons,  and  thus  form  a  communication  between 
the  body  cavities  of  the  different  polypes  of  the  colony. 

In  the  cavities  of  the  tentacles,  the  endoderm  cells 
are  more  regularly  cylindrical  (PL  II.,  Fig.  14,  en),  and 
are  probably  provided  with  cilia,  since  Gosse  states  ^  that  he 
observed  ciliary  action  in  the  interior  of  the  tentacles  in  the 
living  polype. 

The  mesoderm  of  the  tentacles  is  a  thin  layer  formed 
almost  entirely  of  muscular  fibres  (PL  II.,  Fig.  14,  mes). 
Most  of  these  fibres  run  longitudinally,  and  are  clearly 
visible  in  a  squeezed  or  teazed-out  tentacle  under  a  high 
magnification  (PL  II.,  Fig.  13).  They  run  in  irregular  bundles 
along  the  tentacle,  and  are  continued  out  into  the  pinnae,  up 
which  they  may  be  traced  to  the  tip.  There  is  also  a  slightly 
developed  layer  of  circularly  running  fibres  encircling  the 
tentacle  transversely,  and  placed  beneath  the  longitudinal 
layer  (PL  II.,  Fig.  14,  m.  /.  c). 

The  ectoderm  of  the  tentacles  has  apparently  no  cuticle, 
and  the  cells  are  not  squamous  but  more  rounded,  cubical, 
or  low  columnar  in  form,  with  distinct  nuclei  which  stain 
readily  in  picro-carmine.  The  surface  of  the  tentacles 
is  not  smooth,  but  is  raised  up  every  here  and  there  into 
low  ridges  or  projections  (see  Figs.  13  and  14  on  PL  II.). 
These  elevations  are  due  to  the  ectoderm  alone,  which  in  such 
places  is  two  or  three  layers  deep,  and  has  on  its  surface 
between  the  cells  numbers  of  very  small  nematocysts  and 
palpocils.  I  did  not  find  nematocysts  in  the  ectoderm  of 
any  other  part  of  the  body. 

The  irregularly  stellate  lumen  of  the  invaginated  tube  is 

^  Loc.  cU.y  p.  277. 
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bounded  by  ectoderm  cells,  one  row  thick  in  most  places, 
but  continued  here  and  there  into  the  subjacent  mesoderm 
in  the  form  of  strings  of  cells  several  rows  deep,  and 
occasionally  forming  short  tubules  or  caeca.  These  may 
branch  or  join  one  another,  or  may  be  united  by  strings 
of  ectoderm  cells  having  no  lumen  (PL  III.,  Fig.  6,  ec, 
cce,). 

The  mesoderm  of  the  wall  of  the  invaginated  tube  is  thick. 
In  some  places  where  it  forms  the  projections  into  the  lumen 
(see  PL  I.,  Fig.  16)  it  is  thicker  than  the  mesoderm  of  the 
non-retractile  part  of  the  body  wall.  The  projections  probably 
correspond  to  the  terminal  lobes  of  Figs.  6  and  7,  and  the 
external  ridges  of  Fig.  5.  The  mesoderm  of  the  invaginated 
tube  is  a  homogeneous  matrix,  with  a  few  fusiform  connective 
tissue  cells  scattered  through  it.  It  usually  has  a  considerable 
nimiber  of  lacunae,  especially  in  its  inner  or  ectodermal  part, 
and  opposite  to  the  insertion  of  the  mesenteries  (PL  III., 
Figs.  1  and  5),  where  the  lacunae  extend  outwards  towards 
the  endodermal  surface.  This  arrangement  of  lacunae  is  just 
what  is  to  be  expected  from  the  fact  that  the  invaginated  tube 
is  merely  the  upper  part  of  the  body  wall  retracted  (see  PL 
I.,  Fig.  13).  The  mesoderm  also  encloses  the  ectodermal 
strings  of  cells  or  caeca,  given  off  from  the  invaginated  tube. 
In  its  outermost  layer,  just  inside  the  endoderm,  the  mesoderm 
contains  a  delicate  layer  of  longitudinal  muscles  (PL  III., 
Fig.  1)  continuous  with  those  of  the  mesenteries.  Probably 
these  are  retractors  which  aid  the  muscles  of  the  mesenteries 
in  invaginating  this  part  of  the  body  waU. 

The  endoderm  which  forms  the  outermost  layer  in  the 
wall  of  the  invaginated  tube  is  exactly  like  that  lining  the 
non-retractile  part  of  the  body  wall.  As  a  rule  it  appears 
to  be  thickest  between  the  points  of  insertion  of  the  mesen- 
teries (PL  III.,  Fig.  5,  en.). 

Tubules  lined  by  endoderm  cells  and  penetrating  into  the 
subjacent  mesoderm  are  found  here  also,  but  they  are  neither 
so  large  nor  so  numerous  as  the  similar  tubules  in  the  non- 
retractile  part  of  the  body  wall.  Whether  these  endodermal 
tubules  ever  communicate,  either  directly  or  by  means  of 
the  lacunae,  with  the  ectodermal  caeca  given  off  from  the 
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inner  surface  of  the  invaginated  tube  I  could  not  determine. 
Probably  there  is  no  communication. 

The  eight  mesenteries  appear  to  be  similar  in  all  respects 
in  this  part  of  the  body.  Each  consists  of  a  plate  of 
mesoderm  connecting  the  mesoderm  of  the  invaginated  tube 
with  that  of  the  body  wall,  and  covered  on  both  faces  by 
a  layer  of  endoderm  continuous  with  the  endoderm  lining 
the  body  cavity.  Superiorly  the  mesenteries  join  the  upper 
wall  of  the  body  between  the  tentacles  when  the  polype  is 
fully  extended,  while  below  the  gastric  tube  they  are  con- 
tinued down  in  a  modified  condition  to  the  base  of  the  body 
cavity. 

Throughout  the  upper  part  of  the  mesentery  the  mesodermal 
plate  is  thin  (PL  I.,  Fig.  16),  and  homogeneous  except  on  its 
lateral  edge,  where  there  are  thin  layers  of  muscular  fibres, 
which  appear  in  transverse  sections  as  rows  of  small  dots 
(PL  III.,  Fig.  1).  These  muscles  are  visible  on  the  faces  of  the 
mesentery  in  surface  view  as  strong  longitudinal  fibres,  with 
a  few  oblique  ones  ci'ossing  them  (PL  IL,  Fig.  15,  m.f  I.), 

Lower  down,  in  the  portion  of  the  mesentery  which  joins 
the  gastric  tube,  the  mesoderm  is  thicker  and  the  muscula- 
ture stronger.  The  peculiar  plaiting  by  which  a  thick 
bundle  of  muscle  may  be  formed  out  of  a  single  layer  of  fibres, 
as  E.  Hertwig^  has  described  in  the  Actiniaria,  is  here 
found  well  developed.  The  single  row  of  muscle  fibres  is 
bent  many  times  backwards  and  forwards,  so  as  to  form  a 
deeply  sinuous  line  in  transverse  section  (PL  III.,  Figs.  2  and 
3).  The  homogeneous  mesoderm  is  developed  into  shorter 
and  longer  ridges  and  projections,  so  as  to  support  the 
sinuosities  of  the  muscular  layer  lying  on  it.  This  forma- 
tion of  a  branched  figure  in  transverse  sections,  with  pinnae 
and  sometimes  pinnules,  is  well  developed  on  one  face  only  of 
each  mesentery  (PL  III.,  Fig.  3),  but  is  sometimes  present 
to  a  slight  extent  on  the  other  face.  By  this  anatomical 
feature  one  face  of  a  mesentery  may  be  distinguished  from  the 
other,  and  in  Sarcodictyon,  just  as  in  the  Actiniaria^  and  the 

^  Zoology  of  the  Voyage  of  H.M.S.  "Challenger,"  Part  xv.,  Report  on  the 
Actiniaria,  p.  5. 
2  See  Hertwig,  loc.  cU. 
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Pennatnlida,^  the  mesenteries  are  symmetrically  arranged 
(PL  I.,  Fig.  18),  the  pair  at  one  end  of  the  body  having  their 
muscular  faces  turned  towards  each  other,  while  those  at  the 
opposite  end  have  them  turned  away. 

Further  down  the  body,  below  the  gastric  tube,  the 
mesenteries  become  even  more  complicated.  Their  inner 
free  edges,  which  are  continued  down  from  the  lower  end  of 
the  gastric  tube  are  greatly  and  irregularly  thickened,  con- 
voluted, and  frequently  joined  together  to  form  the  craspeda 
or  mesenterial  filaments  ^  (PI.  II.,  Fig.  9).  The  result  is  that 
the  edge  of  the  same  mesentery  may  be  cut  several  times  in 
the  same  section,  and  thus  variously  complicated  figures  are 
produced.  The  thickenings  which  constitute  the  craspeda  are 
almost  entirely  due  to  the  growth  of  the  endoderm  covering 
the  edge  of  the  mesentery,  although  the  mesoderm  is  also 
increased  and  continued  into  the  branched  and  convoluted 
endodermal  processes  as  a  homogeneous  supporting  layer. 

The  endoderm  cells  of  the  mesenteries  form  a  continuous 
layer  throughout,  covering  both  faces  and  the  free  inner  edge 
below  the  gastric  tube,  and  being  in  direct  continuity  with 
the  endoderm  layer  lining  the  body  wall,  and  that  coating  the 
outer  surface  of  the  gastric  tube.  The  cells  (PL  III.,  Fig.  8,  en.) 
are  rounded,  or  of  short  columnar  or  cubical  form  usually  one 
layer  deep,  but  in  some  places  an  inner  very  delicate  layer  of 
flattened  cells  is  distinctly  visible  lying  between  the  ordinary 
endoderm  cells  and  the  layer  of  muscular  fibres.  These  inner 
cells  do  not  form  a  continuous  layer  (PL  III,  Fig.  7,  n,  c). 
They  are  of  various  shapes — fusiform,  triangular,  and  poly- 
gonal, and  their  angles  are  continued  into  delicate  fibres 
which  occasionally  anastomose.  The  cells  are  distinctly  but 
minutely  granular,  and  have  large  circular  nuclei  with  dis- 
tinct nucleoli.  The  whole  appearance  of  the  layer  suggests 
that  it  is  nervous,  and  as  such  I  consider  it,  but  I  was  un- 
able to  make  out  with  certainty  the  presence  of  this  system 
under  the  epithelial  layers  in  other  parts  of  the  body. 

^  See  MarshaU,  Report  on  the  Oban  Pennatulida,  Birmingham,  1882. 

2  From  Krukenberg's  experiments  (Vergleichend  physiologische  Studien 
an  den  Kiisten  der  Adria.  1st  Abth.  Ueber  den  Verdauungsmodus  der 
Actinien,  1880),  it  is  most  probable  that  these  craspeda  are  digestive  in  their 
function.     See  also  Marshall,  loc.  cit. 
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The  gastric  tube  which  is  continued  down  from  the  elongated 
mouth  opening  (PI.  I.,  Fig.  12)  is  flattened  so  as  to  be  irregularly 
elliptical  in  transverse  section.  At  one  end  of  the  longer  axis 
are  placed  the  two  mesenteries  which  have  their  muscular  faces 
turned  towards  each  other,  while  the  two  mesenteries  at  the 
other  end  have  the  corresponding  faces  turned  from  each  other. 
Hence  the  inter-mesenteric  chamber  at  the  one  end  contains 
two  pinnate  muscles,  and  that  at  the  other  end  contains  none 
(see  PI.  I.,  Fig.  18).  The  remaining  six  inter-mesenteric 
chambers — three  on  each  side — have  each  one  pinnate  muscle. 

The  wall  of  the  gastric  tube  is  thick  and  is  much  folded  upon 
itself,  both  vertically  and  horizontally  (PI.  I.,  Fig.  13).  It  is 
lined  by  a  layer  of  ectoderm  continued  through  the  mouth 
opening  from  the  ectoderm  lining  the  invaginated  tube.  Fig.  8 
on  PL  III.  shows  half  of  the  gastric  tube  in  transverse  section 
highly  magnified.  The  ectoderm  layer  (ec.)  is  seen  to  be 
thrown  into  ridges  and  grooves,  and  is  formed  of  long  columnar 
cells  closely  placed.  No  cilia  were  visible  in  my  specimens, 
although  they  are  probably  present  in  the  living  condition. 
The  *'  siphonoglyphe  "  was  not  distinct,  probably  on  account 
of  the  corrugation  of  the  wall,  but  I  recognised  traces  of  it 
here  and  there  in  a  few  of  the  sections,  by  means  of  the  very 
long  cilia  which  were  still  attached  to  the  cells. 

Outside  this  epithelium  is  a  thick  layer  of  mesoderm  formed 
of  an  inner  mass  of  muscular  fibres,  and  an  outer  comparatively 
narrow  homogeneous  band  (mes,)  which  is  continuous  with  the 
mesoderm  of  the  mesenteries.  This  outer  structureless  layer 
of  mesoderm  has  a  narrow  line  of  muscle  fibres  on  its  outer 
side  just  beneath  the  endoderm,  and  these  fibres  are  con- 
tinuous with  the  muscles  on  the  sides  of  the  mesenteries. 

The  endoderm  forming  the  outermost  layer  of  the  gastric  tube 
is  like  the  endoderm  lining  the  body  wall,  and  is  continuous 
with  the  same  layer  of  cells  on  the  faces  of  the  mesenteries 
(PL  III.,  Fig.  8).  In  such  cases  as  the  one  represented  in 
Fig.  4  on  PL  III,  where  the  wall  of  the  gastric  tube  has 
been  cut  several  times  in  the  same  horizontal  plane,  the 
diflTerent  transverse  sections  are  exactly  similar,  the  second 
and  third  being  merely  repetitions  of  the  first  or  inner  one  so 
far  as  structure  is  concerned. 
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Unfortunately  none  of  the  polypes  which  I  examined  or 
sectionised  contained  reproductive  organs.  I  searched  most 
carefully  over  the  free  edges  of  the  mesenteries  in  a  number 
of  sections,  but  was  unable  to  find  anything  which  could 
be  considered  as  even  the  young  condition  of  ova  or  sperm 
cells.  Gosse/  in  describing  his  living  specimen,  talks  of 
a  mass  at  the  lower  end  of  the  body  which  he  saw  through 
the  body  walls,  as  being  probably  the  ovaries  on  account 
of  its  opacity,  but  possibly  it  was  merely  the  thickened 
mass  of  craspeda  which  I  have  described  above.  It  is 
not  even  known  yet  whether  or  not  all  the  polypes  in  a 
colony  of  Sarcodictyon  are  of  one  sex  as  is  the  case  in  Penna- 
tula,^  and  many  other  Alcyonaria.  I  hope  to  investigate  this 
and  a  few  other  undetermined  points  in  fresh  material  on 
some  future  occasion. 

IV.  Final. 

In  conclusion,  the  two  forms  which  I  dredged  in  Loch  Fyne, 
and  which  I  have  referred  to  above  as  the  red  and  the  yellow 
"  varieties,"  seem  to  differ  in  nothing  but  colour,  which  is  due 
to  the  spicules  in  the  one  case  being  of  a  red  tint,  while  in 
the  other  case  they  are  colourless.  Hence  both  forms  must 
be  considered  as  Sarcodictyon  catenata  (Forb.).  In  Alcyonium 
digitatum  in  the  same  way  two  very  distinct  colours  of  colony 
are  found. 

I  Ifdve  not  seen  Forbes*  Sarcodictyon  agglomerata,  and  can 
judge  of  it  merely  from  his  figures  and  the  original  description 
in  which  two  points  of  distinction  from  S,  catenata  are  speci- 
fied : — (1.)  the  polypes  are  not  arranged  in  single  file,  but  are 
grouped  together  in  assemblages  of  from  3  to  5,  each  group 
being  connected  with  its  neighbours  by  a  stolon ;  and  (2.)  the 
colour  is  "  ochraceous  yellow."  Now,  in  several  of  my  colonies 
of  the  red  variety  of  Sarcodictyon  catenata,  here  and  there  the 
polypes  are  not  placed  in  single  file,  but  form  small  groups 
united  by  a  continuous  basal  expansion  which  gives  off  the 
ordinary  narrow  stolons  leading  to  other  polypes  or  groups  of 

^  Loc,  dt.f  p.  278. 

'  See  MarshaU's  Report  on  the  Oban  Pennatulida,  Birmingham,  1882. 
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polypes.  Such  a  condition  is  shown  on  PL  I.  in  Fig  2. 
and  at  the  right-hand  end  of  Fig.  1 ;  and  this  seems  to  unite 
the  first  characteristic  of  Forbes'  Sarcodictyon  agglomerata,  with 
the  other  features  of  S,  catenata.  Then  the  second  characteristic 
of  S,  agglomerata  is,  of  course,  seen  in  my  yellow  variety  of 
S.  catenata.  Hence,  if  Sarcodictyon  agglomerata  is  really  a 
distinct  species  from  S,  catenata,  it  will  require  to  be  care- 
fully examined  and  redescribed;  and  I  have  shown  above  that 
Pourtales*  S,  rugosum  is  insufficiently  characterised,  and  does 
not  seem  from  the  published  description  to  differ  from  the 
British  species.  Consequently  there  is,  so  far  as  I  am  aware, 
only  one  well-marked  species  of  Sarcodictyon  known  to 
science. 


Explanation  of  the  Plates. 

The  following  objectives  have  been  used  while  drawing 
the  figures : — 


Swift,  1  inch,  magnifies  46  times. 

i    „  „        226 

i    „  „        300 


>» 


It 


Zeiss,  ^  oil-immersion,  magnifies 
960  times. 


The  following  system  of 
throughout : — 

cras,f  craspedum. 

cuLf  cuticle. 

ec.,  ectoderm. 

ec.  COB.,  ectodermal  caeca. 

en.y  endoderm. 

en,    cce,,    endodermal    cteca    or 

tubules. 
g,  t.f  gastric  tube. 
i.  my. ,  intermesenteric  chamber. 
i,  t, ,  invaginated  tube. 
Uic,,  lacuna  in  mesoderm. 
lo.f  lobe, 
m.,  mouth. 


lettering  has  been  adhered  to 


mes.f  mesoderm. 

m.  /.  c. ,  circular  muscular  fibres. 

m.  /.  I. ,  longitudinal  muscular  fibres. 

m.  my.,  mesenteric  muscles. 

my.,  mesentery. 

n.  c,  nerve  cells. 

nem.,  nematocyst. 

p.,  polype. 

sp.,  spicule. 

St.,  stolon. 

in.,  tentacle. 

tn.  p. ,  pinna  of  tentacle. 


PLATE  L 
Fig.  1.  A  colony  of  Sarcodictyon  catenata  (Forbes),  red  variety, — natural 


size. 


Fig.  2.  Part  of  another  colony,  showing  several  polypes  on  a  common  ex- 
panded  stolon, — ^natural  size. 
Fig.  3.  Part  of  another  colony  with  rather  a  thick  stolon, — ^natural  size. 
VOL.  vin.  D 
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Fig.  4.  Part  of  a  colony  of  the  yellow  variety,  from  Loch  Fyne, — natural 
size. 

Fig.  6.  A  polype  in  the  retracted  condition, — enlarged. 

Fig.  6.  The  same  seen  from  above,  showing  the  anterior  end, — enlarged. 

Fig.  7.  Anterior  end  of  another  polype  not  completely  retracted, — enlarged. 

Fig.  8.-  Anterior  part  of  an  expanded  polype,  from  the  side, — enlarged. 

Fig.  9.  Three  of  the  pinnate  tentacles  dissected  oflf  to  show  their  cavities, 
— enlarged. 

Fig.  10.  A  single  tentacle,  with  a  very  small  tip, — enlarged. 

Fig.  11.  End  of  a  tentacle  with  no  tip,  terminating  in  a  pair  of  pinnee, — 
enlarged. 

Fig.  12.  Dissection  of  the  front  part  of  the  body,  to  show  the  elevated 
mouth  between  the  tentacles, — enlarged.  » 

Fig.  13.  Vertical  section  of  the  upper  part  of  a  retracted  polype,  such  as 
Fig.  5.     Objective — Swift,  1  inch. 

Fig.  14.  Transverse  section  of  a  polype  along  A  b  in  Fig.  13.  Objective — 
Swift,  1  inch. 

Fig.  15.  Small  portion  {m.)  of  last  Fig.  more  highly  magnified.  Objective 
— Swift,  J  inch. 

Fig.  16.  Transverse  section  of  polype  along  c  D  in  Fig.  13.  Objective — 
Swift,  1  inch. 

Fig.  17.  Central  part  of  another  section  similar  to  last.  Objective — Swift, 
1  inch. 

Fig.  18.  Transverse  section  of  polype  along  e  f  in  Fig.  13.  Objective — 
Swift,  1  inch. 

Fig.  19.  Oblique  section  of  polype  along  line  g  h  in  Fig.  13  (upper  edge  of 
Figure  corresponds  to  g,  lower  to  h).      Objective — Swift,  1  inch. 

I 

PLATE  II. 

Fig.  1.  The  colourless  spicules  of  a  small  portion  of  the  young  stolon  of  the 
yellow  variety,  Loch  Fyne.  In  their  natural  positions.  Objective— Swift, 
1  inch. 

Fig.  2.  a  to  I  selected  spicules  from  same  stolon  as  last  Fig.  Objective — 
Swift,  J  inch. 

Fig.  3.  Shape  of  the  simple  spicule,  diagrammatic. 

Fig.  4.  Small  portion  of  colourless  spicule  from  stolon  more  highly  mag- 
nified.    Objective— Swift,  J  inch. 

Fig.  5.  Mass  of  red  spicules  from  the  body  wall  in  their  natural  positions. 
Objective — Swift,  \  inch. 

Fig.  6.  Some  selected  red  spicules  from  a  young  stolon,  red  variety.  Ob- 
jective— Swift,  J  inch. 

Fig.  7.  The  ectoderm  and  its  cuticle  from  the  body  wall,  surface  view. 
Objective — Zeiss,  t^  oil-immersion. 

Fig.  8.  The  same  in  profile  view.     Objective — Zeiss,  -^  oil-immersion. 

Fig.  9.  One  of  the  craspeda,  surface  view  as  exposed  in  dissection.  Objec- 
tive— Swift,  1  inch. 

Fig.  10.  Part  of  a  tentacle  to  show  its  spicules.     Objective — Swift,  J  inch. 

Fig.  11.  Some  spicules  from  a  tentacle.     Objective — Swift,  i  inch. 
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Fig.  12.  P&rt  of  one  side  of  a  tentacle,  showing  the  cavity  and  the  longi- 
tudinal muscles.     Objective— Swift,  1  inch. 

Fig.  13.  Small  part  of  last  figure  more  highly  magnified  to  show  muscles, 
etc.     Objective — Zeiss,  t*j  oil-immersion. 

Fig.  14.  Longitudinal  section  through  the  wall  of  the  tentacle  to  show  its 
structure.     Objective — Zeiss,  -^  oil-immersion. 

Fig.  15.  Small  portion  of  the  surface  of  a  mesentery  in  upper  part  of  body. 
Objective — Swift,  J  inch. 

Fig.  16.  Part  of  a  section  through  the  mesoderm  of  the  body  wall,  to  show 
the  tubules  and  lacunae.     Objective — Swift,  |  inch. 

PLATP  III. 

Fig.  1.  Part  of  a  transverse  section  through  the  upper  part  of  a  retracted 
polype.     Objective — Swift,  \  inch. 

Fig.  2.  Transverse  section  of  part  of  the  body  wall  and  a  mesentery,  in 
lower  part  of  polype.     Objective — Zeiss,  ^  oil-immersion. 

Fig.  3.  Transverse  section  of  part  of  another  mesentery  to  show  the  muscle 
fibres.     Objective — Zeiss,  ^  oil-immersion. 

Fig.  4.  Half  of  a  transverse  section  through  the  gastric  tube,  etc.  Objective 
— Swift,  1  inch. 

Fig.  5.  Small  portion  of  a  tran verse  section  through  upper  part  of  retracted 
polype.    Objective— Swift,  i  inch. 

Fig.  6.  Another  small  portion  of  a  similar  section,  to  show  the  ectodermal 
caeca.     Objective — Swift,  \  inch. 

Fig.  7.  Small  part  of  optical  section  of  a  mesentery,  showing  nerve  cells. 
Objective — Zeiss,  t*j  oil-immersion. 

Fig.  8.  Part  of  a  transverse  section  through  the  gastric  tube.  Objective — 
Zeiss,  t^  oil-immersion. 


II.  Notes  on  the  Islands  of  Sula  Sgeir,  or  North  Barra  and 
North  Bona,  with  a  List  of  the  Birds  Inhabiting  them. 
By  John  Swinburne,  Esq. 

(Read  19th  December  1883.) 

In  the  early  part  of  this  season,  1883,  as  our  yacht  the 
"  Medina  '*  was  lying  idle  at  her  moorings,  I  determined  to 
start  for  a  cruise  among  the  Outer  Hebrides,  intending  to 
visit,  among  other  places,  Hysgeir  ofif  Canna,  and  the  Flannan 
and  Shiant  Islands — aU  of  them  localities  which  have  been 
made  well  known  to  the  ornithological  world  by  the  very 
full  descriptions  that  have  been  given  of  them  by  Mr  Harvie- 
Brown. 

Mentioning  my  intention  to  my  friend,  Mr  Dalgleish,  he 
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suggested  that  as  I  had  a  good,  sea-worthy  craft,  I  might  as 
well  extend  my  cruise  to  Sula  Sgeir  and  North  Eona,  which 
were  comparatively  unknowa  This  I  succeeded  in  doing, 
and  imagining  that  my  account  might  be  of  interest,  I  wrote 
out  a  short  description  of  my  visit.  Since  returning  home  I 
have  been  able,  through  the  kindness  of  Mr  Dalgleish,  to 
obtain  several  extracts  from  notes  made  by  visitors  to  both 
Sula  Sgeir  and  Eona,  which  are  given  below,  though  few  of 
them  refer  to  ornithology. 

On  Monday,  June  18,  I  left  Stomoway,  in  the  yacht 
for  Ness  Harbour,  near  the  Butt  of  Lewis,  where  I  wished 
to  get  a  pilot,  and  at  2  a.m.  on  Tuesday  morning  I  was 
awakened  and  told  that  we  were  off  Ness. 

Going  on  deck,  I  found  we  were  off  the  Butt  of  Lewis,  in 
a  dead  calm,  with  a  ground  swell  rolling  in  from  the  north- 
west, such  as  I  have  seldom  seen.  The  boat  was  lowered 
with  great  difficulty,  and  I  proceeded  ashore. 

Ness  is  a  very  strange  place,  being  a  large  bay  open  to  the 
south-east,  the  top  of  which  is  formed  by  a  stretch  of  beauti- 
ful white  sand,  on  which  a  heavy  surf  breaks  continuously. 
The  sides  are  formed  by  broken  cliffs,  and  on  the  north  side 
of  the  bay  is  the  so-called  harbour,  which  is  merely  a  slip 
where  the  fishermen  haul  up  their  boats. 

I  had  considerable  difficulty  at  first  in  getting  any  one  to 
volunteer  to  act  as  pilot,  as  all  the  men  were  just  going  out 
to  haul  their  lines,  but  at  last  a  man  of  the  name  of  Norman 
MacLeod  came  forward.  I  give  the  name  in  case  any  one 
intending  to  visit  Sula  Sgeir  or  Eona  should  want  a  good 
pilot  who  knows  the  ground  thoroughly.  I  should  strongly 
advise  any  future  visitor  to  get  a  pilot  from  Ness,  as  the 
Stornoway  pilots  are  a  terrible  set  of  land-sharks. 

Leaving  Ness  about  5  a.m.  on  the  19th,  we  steered  north- 
north-east  for  Sula  Sgeir. 

On  the  way  out  I  got  all  the  information  I  could  out  of 
the  pilot.  He  said  that  some  years  ago  he  had  lived  for 
some  time  on  Eona,  tending  the  few  sheep  that  are  on 
the  island,  and  that  a  great  many  birds  bred  there,  and 
among  them  a  bird  which  [answered  to  the  description  of  a 
petrel  of  some  sort. 
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About  5  p.m.  we  sighted  Sula  Sgeir  from  aloft,  a  little  on 
the  weather  bow,  and  shortly  after  Rona  appeared  further 
to  windward.  About  7  p.m.  we  were  close  to  Sula  Sgeir, 
so  I  ordered  the  boat  to  be  lowered,  at  the  same  time  telling 
MacLeod  that  we  did  not  want  him  ashora  He  smiled 
rather  grimly  without  answering,  but  just  as  we  shoved  off 
he  suddenly  fell  into  the  boat  with  a  mighty  crash,  very 
nearly  capsizing  her.  Evidently  he  had  not  the  slightest 
intention  of  letting  me  loose  among  the  gannets  by  myself. 
He  seemed  to  look  upon  them  as  his  own  private  property. 

The  landing-place  we  made  for  is  on  the  east  or  south-east 
side  of  the  island.  I  believe  there  is  another  and  a  better 
one  on  the  north-west  side,  but  there  was  a  very  heavy 
swell  rolling  in  from  that  quarter. 

The  landing  had  to  be  effected  on  a  very  steep  rock  by 
watching  for  an  opportunity,  and  then  making  a  wild  leap  at 
the  shore  before  the  boat  fell  for  the  next  sea. 

As  soon  as  we  were  safe  ashore,  MacLeod  made  straight  for 
the  south-western  end  of  the  island  where  the  gannets  were, 
and  he  stuck  to  me  like  a  leech  the  whole  of  the  time  I 
was  anywhere  near  this  enormous  gannet  nursery. 

The  nests  were  placed  chiefly  on  the  level  top  of  the 
island  and  not  on  the  cliffs,  and  covered  the  whole  of  the 
western  portion,  being  placed  so  close  together  that  it  was 
difficult  to  avoid  stepping  on  the  eggs.  The  greater  number 
of  the  birds  got  up  from  their  nests  when  I  got  within  about 
three  feet  of  them,  but  a  good  many  remained  sitting  and  bit 
at  my  trousers  as  I  passed. 

MacLeod  had  a  very  strong  objection  to  my  touching  the 
gannets'  eggs,  because,  as  I  afterwards  found  out  from  him,  a 
boat  comes  out  from  Ness  every  autumn  about  the  beginning 
of  September,  to  take  back  a  cargo  of  the  young  birds,  which 
are  salted  down  for  winter  food. 

I  was  surprised  to  observe  at  this  late  date  that  only  about 
10  per  cent,  of  the  gannets'  eggs  were  hatched,  and  I  even 
took  fresh  ones,  although  most  of  the  guillemots  were  hatch- 
ing, and  at  the  Bass  most  of  the  gannets  are  sitting  by  the 
end  of  ApriL  On  leaving  the  gannetry  I  went  down  a  nasty 
cliff  on  the  north  side  to  get  some  guillemots'  eggs,  in  spite  of 
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the  warning  yells  of  MacLeod,  who  thought  it  a  very  mad 
exploit.  I  was  fortunate  enough  to  take  several  eggs  of  the 
bridled  guillemot  {Lomvia  troile,  var.  ringvia)  from  under  the 
sitting  birds,  thus  thoroughly  authenticating  them. 

Seeing  that  MacLeod  had  retired,  either  not  wishing  to 
behold  my  sad  end,  or  intent  on  the  slaughter  of  the  luckless 
puffin  (at  which  he  was  a  great  adept),  I  reascended  the 
cliff,  and  made  a  second  attack  on  the  gannets,  after  which  I 
turned  my  attention  to  the  island  itself. 

The  earliest  account  of  the  island  of  Sula  Sgeir  of  which 
we  have  any  record  is  that  of  Dean  Munro,  who  visited  it 
in  1549. 

He  says,^  "  be  sexteen  myle  of  sea  to  this  ile  (i.e.,  Eona), 
towards  the  west  lyes  ane  ile  callit  Suliskerry,  ane  myle 
lang  without  grasse  or  hedder,  with  highe  black  craigs  and 
black  fouge  thereupon  part  of  them."  He  goes  on  to  say 
how  the  Lewis  men  come  out  for  the  feathers  and  young 
birds,  and  enters  upon  a  long  description  of  the  manners  and 
customs  of  a  bird  which  he  calls  a  "  colk,"  and  which  is 
evidently  the  eider  duck  (Somateria  mollissima),  which  I 
found  breeding  there  in  limited  numbers.  A  subsequent 
visitor  to  Eona,  Dr  MacCulloch,^  who  visited  it  in  1819,  but 
owing  to  a  heavy  sea  was  unable  to  land,  gives  a  very  short 
account  of  Sula  Sgeir,  only  mentioning  its  being  a  great 
gannet  resort.  The  last  account  we  have  is  that  of  Mr  T.  S. 
Muir,  who  seems  to  have  visited  the  island  about  1860.  I 
believe  only  about  twenty  copies  of  his  notes  were  privately 
printed.^ 

He  describes  Sula  Sgeir  as  "  a  narrow  stripe  of  rock,  little 
more  than  one-third  of  a  mile  in  length.  Eising  in  most 
parts  to  a  considerable  height,  and  everywhere  ruggedly 
indented  by  gloomy  chasms,  pools,  and  creeks,  it  presents  a 
very  naked  and  repulsive  appearance." 

He  then  proceeds  to  state  that  the  southern  end,  however, 

^  Description  of  the  Western  Isles  of  Scotland,  called  Hybrides,  Edinburgh, 
1774,  p.  47. 

2  Description  of  the  Western  Islands  of  Scotland,  London,  1819,  p.  204. 

*  Inchcolni,  Aberdour,  North  Rona,  Sula  Sgeir ;  A  Sketch,  addressed  to 
J.  Y.,  Minster  Yard,  Lincoln,  p.  34. 
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is  in  part  grassy.  This,  I  think,  is  an  error,  as  I  only  saw  a 
few  patches  of  the  common  sea  pink  (Armeria  maritima). 
He  also  refers  to  the  existence  of  the  ruins  of  several  stone 
huts  or  houses  near  the  south-east  end,  and  says  that  near 
the  same  spot  are  those  of  a  small  cell  called  Tigh  Bean- 
naichte  (Blessed  house),  14  feet  long,  the  width  varying  from 
8  feet  in  the  centre,  to  6  feet  4  inches  at  the  ends.  The  roof 
is  curved  and  covered  with  stone  slabs.  The  door,  which  is 
placed  on  the  south-west  side,  is  3  feet  5  inches  in  height. 
There  is  also  a  small  window  in  the  east  end,  under  which  is 
an  altar  stone  2  feet  8  inches  in  length.  MacLeod  informed 
me  that  the  huts  were  built  by  the  Lewis  men,  who  live  in 
them  for  the  seven  or  eight  days  they  take  in  killing  and 
packing  the  young  gannets,  or  any  longer  time  they  may 
have  to  stay  on  the  island,  owing  to  the  sudden  springing  up 
of  a  gale. 

The  cell  mentioned  by  Mr  Muir  was  probably  erected  for 
the  use  of  those  who  came  from  Bona  or  Lewis  for  a  similar 
purpose  in  Roman  Catholic  times.  On  one  occasion,  now 
some  years  ago,  a  crew  from  Ness  in  the  latter  island  had 
their  boat  wrecked  in  landing  at  Sula  Sgeir  in  the  month  of 
June,  and  lived  on  the  island  for  several  weeks,  sustaining 
themselves  on  the  flesh  of  birds.  Captain  Oliver,  who  com- 
manded the  Revenue  cruiser  "  Prince  of  Wales,"  visited  Sula 
Sgeir  in  the  month  of  August  to  look  for  the  lost  boat.  He 
found  the  wreck  of  it,  also  an  oar  on  end  with  an  old  pair  of 
canvas  trousers  on  it,  and  over  the  remains  of  a  fire  a  pot 
containing  birds'  flesh;  but  there  being  no  trace  of  the  men, 
it  was  thought  they  must  have  been  picked  up  by  a  passing 
vessel.  Nothing  more  was  heard  of  them  until  the  month  of 
October  following,  when  a  Russian  vessel  on  her  homeward 
voyage  met  a  Stomoway  craft  in  the  Orkneys,  and  informed 
the  crew  of  the  latter  that  they  had  taken  the  men  off  Sula 
Sgeir  and  landed  them  in  Rona.  Captain  Oliver  at  once 
went  to  Rona,  and  found  the  crew  consuming  the  last  barrel 
of  potatoes  which  the  poor  shepherd  had.  He  took  away  the 
former,  and  left  the  latter  suflScient  provision  for  the  winter. 
Having  thus  quoted  all  the  published  descriptions  of  Sula 
Sgeir  that  I  know  of,  I  shall  proceed  with  my  own  notes. 
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Dean  Munro's  ideas  of  distance  seem  to  be  a  little  vague, 
as  the  chart  makes  Sula  Sgeir  about  10  miles  west  by  south 
of  Eona. 

Sula  Sgeir  is  about  half  a  mile  long  by  about  300  yards 
wide  at  the  narrowest  part,  which  is  just  opposite  the  land- 
ing place  we  used.  It  lies  about  north-east  and  south-west. 
The  western  end  forms  a  steep,  rocky  bluff,  tolerably  level  on 
the  top.  The  island  slopes  downward  in  the  centre,  and 
rises  again  into  a  rounded  mass  of  rock  at  the  eastern  end. 
The  whole  of  the  western  end  is  surrounded  by  steep  cliffs, 
and  has  its  upper  surface  covered  with  huge  blocks  and  slabs 
of  stone,  among  the  crevices  of  which  a  few  sea  pinks  grow. 
It  is  on  this  part  and  not  on  the  east  end  that  the  huts,  about 
three  in  number,  are  situated.  They  are  indeed  curious  look- 
ing erections,  being  built  of  huge  blocks  of  stone  piled  up 
together,  and  generally  having  no  other  opening  than  the 
door.  Most  of  them  were  about  8  feet  by  5  feet,  by  4  feet 
high.  At  the  time  of  my  visit  they  were  tenanted  chiefly  by 
cormorants,  which  built  in  them. 

One  of  the  yachtsmen  excitedly  described  to  me  how, 
having  crawled  into  a  hut  with  the  innocent  intention  of 
examining  its  interior,  he  was  immediately  attacked  by  a 
terrible  black  bird,  which  scratched  and  bit  him,  all  the  while 
giving  vent  to  the  most  appalling  croaks  and  groans,  and 
how,  after  a  tremendous  battle  in  the  dark,  the  enemy  was 
slain,  and  being  brought  to  daylight,  turned  out  to  be  "  jist 
only  one  o'  them  scarfs." 

About  eleven  o'clock  I  got  on  board  again,  and  we  stood 
over  towards  Eona,  under  the  lee  of  which  I  wished  to  heave 
to  until  daylight.  Coming  on  deck  after  diimer,  that  is  about 
eleven  o'clock  at  night,  I  found  that  the  clouds  had  banked 
up  to  the  east,  that  it  was  blowing  pretty  hard,  and  altogether 
looked  like  bad  weather.  The  pilot  sent  word  to  say  that 
he  thought  we  were  going  to  have  a  heavy  gale,  and  as  this 
appeared  also  to  be  the  opinion  of  the  crew,  I  set  the  course 
by  compass  for  the  Butt  of  Lewis. 

While  standing  near  the  binnacle,  my  nostrils  were  sud- 
denly assailed  by  a  most  villainous  odour ;  while,  at  the  same 
moment,  the  crew  rushed  on  deck  en  masse.     On  making 
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inqniry  I  fonnd  that  the  pilot,  to  save  himself  the  trouble  of 
wholly  plucking  some  razorbills  which  he  wished  to  cook, 
had  held  them  over  the  stove  to  singe  off  the  feathers. 

After  running  towards  the  Butt  of  Lewis  for  about  two 
hours,  as  the  weather  got  no  worse,  we  went  about  and 
stood  back  towards  Eona,  which  I  was  very  loth  to  leave 
unvisited. 

At  about  three  on  Wednesday  morning,  June  20th,  we  left 
the  yacht  to  land  on  Eona. 

There  are  one  or  two  places  where  a  boat  can  Ijmd  in 
moderate  weather  on  this  island,  we  chose  a  slight  indenta- 
tion near  the  centre  of  the  south  side  owing  to  the  heavy 
north-westerly  swell  which  was  still  running.  On  landing  we 
had  to  drag  the  boat  up  a  very  steep  rock,  and  then  jam 
stones  under  her  to  prevent  her  from  slipping  down  again. 

Before  I  enter  upon  my  own  description  of  Eona,  I  shall 
give  a  few  extracts  from  notes  made  by  previous  visitors. 

The  earliest  published  account  of  Eona  that  I  am  aware 
of  is  that  of  Dean  Munro  before  referred  to.  He  gives  a 
very  quaint  description  of  the  island  and  its  inhabitants — 
for  there  were  then  several  families  on  the  island — speak- 
ing of  them  as  "simple  people  scant  of  ony  religione," 
although  a  little  further  on  he  says, "  within  this  ile  there 
is  ane  chappell  callit  St  Eonay's  chappell."  ^       ^ 

He  states  that  "  abundance  of  corn  growes  on  it  by  delving 
onlie,"  also  that  the  meal  made  therefrom,  which  was  very 
white,  was  sufiacient  to  feed  the  people  and  pay  their  rents, 
together  with  the  "  superexcrescens "  of  a  number  of  "ky 
and  schiepe  "  kept  by  them. 

Speaking  of  St  Eona's  Chapel,  Dean  Munro  mentions  the 
following  curious  superstition  of  the  natives :  "  unto  quhilk 
chapell,  as  the  ancients  of  the  country  alledges,  they  leave 
an  spaid  and  ane  shuil  quhen  any  man  dies,  and  upon  the 
morrow  findes  the  place  of  the  grave  markit  with  an  spaid 
as  they  alledge.  In  this  ile  they  used  to  take  many  quhailles 
(whales)  and  uthers  grate  fisches  "  (fishes). 

"  Eona "  means  the  "  Island  of  the  Seals,"  therefore  the 
saint  must  have  taken  his  name  from  the  island,  and  not 

^  Miscellanea  Scotica,  ii.,  p.  152. 
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the  island  its  name  from  the  saint,  as  might  possibly  be 
thought. 

Another  author  of  a  somewhat  later  period,  in  a  "  Descrip- 
tion of  the  Lews  by  John  Morisone,  Indueller  there,"  ^  gives 
the  following  particulars  about  Eona : — 

"  There  are  also,  17  leagues  from  the  Lews,  and  to  the  north 
of  it,  the  islands  called  Suliskerr,  which  is  the  westmost, 
and  Eonay,  fyve  myls  to  the  eas[t]  of  it;  Eonay  (onlie) 
inhabited,  and  ordinarlie  be  five  small  tennents.  There  ordinar 
is  to  have  all  things  common:  they  have  a  considerable 
grouth  of  victuall  (onlie  bear).  The  best  of  their  sustinance 
is  fowl,  which  they  take  in  gims,  and  sometimes  in  a  stormie 
night  they  creep  to  them  where  they  sleep  thickest,  and 
throwing  some  handfulls  of  sand  over  there  heads  as  if  it  wer 
hailes,  they  take  them  be  the  necks.  Of  the  grease  of  those 
fowlls  (especiallie  the  Solind  Goose)  they  make  an  excellent 
oj^e,  called  the  gibanirtick,  which  is  exceeding  good  for  heal- 
ing of  anie  sore  ore  wound  ore  cancer,  either  one  man  or  beast. 
This  I  myself  found  true  by  experience,  by  applying  of  it  to 
the  legg  of  a  young  gentleman  which  had  been  inflamed  and 
cankered  for  the  space  of  two  years,  and  his  father  being  a 
trader  south  and  north,  sought  all  phisicians  and  doctors  with 
whom  he  hade  occasion  to  meet,  but  all  was  in  vain.  Yet  in 
three  weeks  tyme,  being  in  my  hous,  was  perfetlie  whole  be 
applying  the  forsaid  oyle.  The  way  they  make  it  is — they  put 
the  grease  and  fatt  into  the  great  gutt  of  the  fowll,  and  so  it 
is  hung  within  a  hous  untill  it  run  in  oyle.  In  this  Eonay 
are  two  litle  cheapels  where  sanct  Eonan  lived  all  his  tym 
as  an  heremit." 

About  the  end  of  1600,  Sir  G.  Mackenzie  of  Tarbert  gave 
a  not  much  longer  account  to  Sir  Eobert  Sibbald,^  of  the 
island,  in  which  he  states  that  for  many  generations  the 
island  had  been  inhabited  by  about  5  families  or  about  30 
individuals,  and  that  these  numbers  never  increased,  because 
if  any  one  man  had  more  children  than  another  he  gave  some 
to  his  neighbours,  and  any  surplus  above  30  souls  was  sent 
to  Lewis  by  a  boat  which  went  for  the  rent  paid  to  the  Earl 

^  Sibbald  MSS.,  Advocates  Lib.,  Ed.,  xxxiv.,  2-8. 

2  Printed  in  Monro's  Description  of  the  Western  Isles,  Edinburgh,  1774,  p.  63. 
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of  Seaforth  in  the  form  of  meal,  packed  in  sheep-skins,  and 
sea-birds'  feathers.  The  inhabitants  seem  to  have  met  twice 
or  thrice  daily  in  the  chapel,  and  to  have  been  Eoman 
Catholics.  They  had  evidently  become  more  pious  since 
Dean  Monro's  visit. 

Martin,^  writing  about  the  same  date,  gave  a  curious 
account  of  the  island  and  its  inhabitants  as  related  to  him 
by  Mr  Daniel  Morrison,  minister  of  Barvas  in  Lewis,  who 
then  appears  to  have  possessed  it  as  part  of  his  glebe,  and 
who  had  visited  it  in  person.  The  minister  mentions  the 
chapel  as  being  in  use  by  the  natives,  and  that  they  kept  it 
very  neat  and  clean.  The  houses  he  described  as  being 
thatched  with  straw.  The  next  account  is  that  of  Dr 
MacCulloch  the  geologist,  who  seems  to  have  visited  the 
island  in  1819.  At  the  time  of  his  visit  there  was  only  one 
cottar  family  left. 

The  Doctor,  referring  to  Bona  as  it  was  about  the  year 
1670,  says:*  "Some  years  have  now  passed  since  this 
island  was  inhabited  by  several  families  who  contrived  to 
subsist  by  uniting  fishing  to  the  produce  of  the  soil  In 
attempting  to  land  on  a  stormy  day  all  the  men  were  lost 
by  the  upsetting  of  their  boat,  since  which  time  it  has  been 
in  the  possession  of  a  principal  tenant  in  Lewis.  It  is  now 
inhabited  by  one  family  only,  consisting  of  six  individuals 
of  which  the  female  patriarch  has  been  forty  years  on  the 
island.  The  occupant  of  the  farm  is  a  cottar,  cultivating 
it  and  tending  50  sheep  for  his  employer,  to  whom  he  is 
bound  for  eight  years,  an  unnecessary  precaution,  since  the 
nine  chains  of  the  Styx  could  afford  no  greater  security  than 
the  sea  that  surrounds  him,  as  he  is  not  permitted  to  keep  a 
boat.  During  a  residence,  now  of  seven  years,  he  had, 
with  the  exception  of  a  visit  from  the  boat  of  the 
*  Fortun^e,'  ^  seen  no  face  but  that  of  his  employer  and  his 
own  family." 

In  a  note  he  also  says,  "  On  the  appearance  of  our  boat, 
the  women  and  children  were   seen  running  away  to  the 

^  Description  of  the  Western  Islands  of  Scotland,  London,  1703,  p.  19. 

^  Op.  cit,,  vol.  i.,  p.  206. 

'  Then  employed  in  cruising  after  the  President  in  1812. 
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cliffs,  to  hide  themselves,  loaded  with  the  very  little  moveable 
property  they  possessed,  while  the  man  and  his  son  were 
employed  in  driving  away  the  sheep.  We  might  have 
Imagined  ourselves  landing  in  an  island  of  the  Pacific 
Ocean.  A  few  words  of  Gaelic  soon  recalled  the  latter,  but 
it  was  some  time  before  the  females  came  from  their  retreat 
— very  unlike,  in  look,  to  the  inhabitants  of  a  civilized 
world." 

Speaking  of  the  houses,  Dr  MacCulloch  says,  "  Such  is  the 
violence  of  the  wind  in  this  region,  that  not  even  the  solid 
mass  of  an  Highland  hut  can  withstand  it.  The  house 
is  therefore  excavated  in  the  earth,  the  wall  required  for 
the  support  of  the  roof  scarcely  rising  two  feet  above  the 
surface.  The  roof  itself  is  but  little  raised  above  the  level, 
and  is  covered  with  a  great  weight  of  turf,  above  which 
is  the  thatch — the  whole  being  surrounded  by  turf  stacks 
to  ward  off  the  gales.  The  entrance  to  this  subterranean 
retreat  is  through  a  long,  dark,  narrow,  and  tortuous  passage, 
like  the  gallery  of  a  mine,  commencing  by  an  aperture  not 
three  feet  high,  and  very  difficult  to  find.  With  a  little 
trouble  this  might  be  effectually  concealed;  nor,  were  the 
fire  suppressed,  could  the  existence  of  a  house  be  suspected, 
the  whole  having  the  appearance  of  a  collection  of  turf 
stacks  and  dunghills.  Although  our  conference  lasted  some 
time,  none  of  the  party  discovered  that  it  was  held  on  the 
top  of  the  house.  .  .  .  The  interior  strongly  resembles  a 
Kamtschatkan  hut,  receiving  no  other  light  than  that  from 
the  smoke-hole,  being  covered  with  ashes,  festooned  with 
strings  of  dried  fish,  filled  with  smoke,  and  having  scarcely 
an  article  of  furniture.  Such  is  life  in  North  Bona,  and 
though  the  women  and  children  were  haK-naked,  the  mother 
old,  and  the  wife  deaf,  they  appeared  to  be  contented,  well 
fed,  and  little  concerned  about  what  the  rest  of  the  world 
was  doing." 

There  were  then  about  six  or  seven  acres  under  cultiva- 
tion, the  surplus  crop  of  which  was  paid  by  the  cottar  to  the 
tacksman  in  Lewis,  and  which  amounted  to  8  bolls  of  barley. 
He  (the  cottar)  was  also  bound  to  find  8  stones  of  feathers, 
the  produce  of  the  sea-fowl,  which,  with  the  produce  of  the 
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sheep,  was  to  the  tacksman  the  value  of  North  Rona.  To 
the  latter  the  land  was  let  for  £2  a  year. 

Such  is  Dr  MacCulloch's  account  of  North  Rona. 

Captain  Burnaby,  RE.,  who  had  charge  of  the  Ordnance 
Survey  in  Lewis  about  thirty-six  years  ago,  gives  the  fol- 
lowing description  of  the  physical  features  of  the  island : 
"  This  island  is  situated  in  the  Atlantic  in  latitude  59°  T  IS'' 
48,  and  longitude  5°  48'  50"  45  west,  and  forms  part  of  the 
Lewes  property,  and  lies  about  38  miles  N.E.  of  the  Butt  of 
Lewes,  with  which  and  Cape  Wrath  it  forms  a  triangle, 
which  is  very  nearly  equilateral.  From  its  highest  point, 
which  is  nearly  360  feet  above  the  level  of  the  sea,  Cape 
Wrath,  a  considerable  portion  of  the  neighbouring  shore,  and 
some  of  the  Lewes  and  Harris  hills  can  on  a  clear  day  be 
distinctly  seen  without  the  aid  of  glasses.  In  figure  it  bears 
a  striking  resemblance  to  a  long-necked  glass  decanter,  with 
the  neck  towards  the  north.  Its  greatest  length  is  nearly 
one  mile,  its  greatest  breadth  the  same.  At  its  north  end 
there  is  a  portion  about  half  a  mile  in  length,  which  varies 
in  breadth  from  ten  to  twenty  chains.  About  half  of  this 
portion  is  composed  of  stratified  rock  without  a  particle  of 
vegetation.  This  is  the  lowest  part  of  the  island,  its  eastern 
shore  sloping  gently  to  the  sea,  and  its  western  one,  though 
rugged  and  broken,  not  more  than  90  feet  in  altitude.  The 
southern  portion  is  broader  and  more  elevated,  the  largest 
part  of  it  being  f  of  a  mile  broad,  and  the  two  hills  on  the 
east  and  west  not  less  than  350  feet  high,  that  on  the  east 
being  the  higher  of  the  two  by  about  40  feet ;  the  seaward 
bases  of  both  these  hills  form  steep,  precipitous  cliffs,  which 
in  many  places  are  inaccessible." 

"  The  rocks  around  Rona  are  few  and  small,  the  only  ones 
which  are  more  than  two  chains  from  the  shore  being  Gouldig 
Beag  and  Gouldig  Mor;  the  latter  is  about  half  a  mile 
south  of  the  south-east  point  of  the  island,  and  the  other  is 
between  that  and  the  shore.  There  is  another  small  rock 
seen  only  at  low  water  near  the  south-west  point,  which  is 
dangerous  to  navigators  who  may  attempt  to  cast  anchor  in 
its  neighbourhood.  The  soil  of  Rona  is  good,  and  the  pasture, 
though  not  luxuriant,  is  beautifully  green ;  indeed,  the  whole 
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island,  with  the  exception  of  about  50  acres,  may  be  con- 
sidered arable  land,  interspersed  with  a  few  small  rocks  and 
numerous  small  piles  of  stones.  .  .  .  There  are  neither 
rats  nor  mice  on  it.  It  has  no  peat  moss,  and  not  much 
seaweed.  There  is  a  sufficiency  of  spring  water  on  its 
southern  shore.  Seals  are  very  numerous  here,  but  not 
easily  killed,  and  cod-fish  abound  around  its  coast.  The 
tides  rise  from  5  to  10  feet,  and  the  prevailing  wind  is  from 
the  south-west.  The  best  landing  places  are  Poul  Houtham 
on  the  south,  Skildiga  on  the  west,  and  Geodh  Sthu  on  the 
east — the  first  and  last  being  much  superior  to  the  other 
both  for  safety  and  accommodation.  The  most  favourable 
winds  are — for  Poul  Houtham  a  northerly  or  easterly  wind, 
for  Geodh  Sthu  a  southerly  or  westerly  one,  and  for  Skildiga 
a  southerly  or  easterly  one.  So  well  sheltered  is  Geodh 
Sthu  that  three  vessels  have  been  known  to  cast  anchor  at 
its  mouth  about  six  years  ago.  They  remained  during  one 
night,  but  it  is  said  that  such  had  not  previously  occurred, 
nor  has  it  been  since  repeated.  Articles  of  any  weight  may 
be  safely  landed  at  Eona  providing  the  weather  is  moderate, 
but  the  small  boat,  which  must  be  used  on  such  a  duty, 
should  invariably  be  drawn  up  on  the  shore  after  use."  ^ 

The  last  published  account  of  Eona  is  that  by  Mr  T.  S.  Muir, 
previously  referred  to,  bearing  date  1872.^  He  seems  to  have 
visited  Eona  on  two  occasions,  on  the  last  of  which  (in  1860) 
he  took  careful  measurements  of  the  chapel  referred  to  by 
Dean  Munro  and  Mr  Morrison,  and  to  these  measurements 
he  has  added  a  plan  and  sketch  of  this  ancient  building, 
which  he  describes  as  a  roughly-built  cell,  11  feet  6  inches 
by  7  feet  6  inches,  and  9  feet  3  inches  high,  with  the  side 
walls  gradually  sloping  inwards  until  they  are  only  2  feet 
apart  at  the  roof.  There  is  a  low  square  doorway  in  the  west 
end,  through  which  it  is  necessary  to  creep  on  one's  hands 
and  knees;  there  are  also  two  windows — one  over  the  door, 
the  other  near  the  east  end  of  the  south  wall.  The  altar- 
stone  lies  near  the  east  end,  and  is  3  feet  long.  The  remains 
of  another  chapel  are  attached  to  the  building,  forming  a  sort 

1  Original,  dated  1850,  in  Ordnance  Survey  Office,  Southampton. 
*  Op,  cU.,  p.  16. 
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of  nave  to  it,  the  internal  measurement  of  which  is  14  feet 
8  inches  by  8  feet  3  inches.  The  masonry  is  very  rude,  and 
seems  of  great  age,  certainly  of  some  centuries.  A  burying- 
ground,  surrounded  by  a  low  stone  wall,  is  attached  to  the 
buUding,  and  contains  several  plain  stone  crosses,  the  tallest 
of  which  is  about  30  inches  higL  I  shall  now  proceed  with 
my  own  short  notes. 

Mr  Muir's  description  of  the  chapel  is  so  accurate  that  I 
need  hardly  say  anything  more  about  it.  The  appearance 
also  of  the  ruins  of  the  houses  fully  corroborated  Dr  Mac- 
CuUoch's  description.  I  was  struck  at  once  by  the  great 
thickness  of  the  walls,  as  well  as  by  the  fact  that  the  terreplein 
of  the  interior  was  sunk  below  the  level  of  the  surrounding 
ground.  The  last  family  which  lived  upon  Eona  was  that 
of  a  shepherd  named  Donald  M'Leod,  otherwise  the  "  King 
of  Eona,"  who  returned  to  Lewis  in  1844 ;  since  which  time 
it  has  been  uninhabited,  except  for  a  few  days  at  the  annual 
sheep-shearing  at  the  end  of  July. 

The  island  has  been  rented  for  upwards  of  230  years  by  a 
family  named  Murray  from  Lewis,  who  only  gave  up  their 
tenancy  in  the  present  year.  They  usually  kept  from  100  to 
160  sheep  of  the  blackfaced  breed  upon  it,  but  occasional 
losses  from  their  falling  over  rocks  or  being  stolen  by  the 
crews  of  passing  vessels  were  not  infrequent.  On  one  occa- 
sion, however,  the  owners  of  a  vessel  whose  crew  had, 
through  scarcity  of  provisions,  been  tempted  to  "  lift "  a  few 
sheep,  honourably  sent  a  sum  of  money  in  payment.  It  has 
now  been  let  to  Mr  Finlay  Mackenzie,  Habost,  Ness,  in  the 
island  of  Lewis.  The  late  tenant  informed  Mr  Muir  that 
the  rent  paid  by  the  resident  sub-tenants  of  Eona,  at  an  early 
period  considerably  before  his  family  became  tenants,  was 
partly  in  the  form  of  seal  oil.  I  saw  on  the  island  about 
forty  or  fifty  sheep,  which  seemed  to  be  very  wild. 

As  soon  as  we  landed,  I  made  straight  for  the  place  where 
the  pilot  said  the  petrels  bred.  This  turned  out  to  be  the 
spot  where  all  the  ruins  are  situated,  namely,  pretty  low 
down  on  the  grassy  slope  near  the  western  end  of  the  island. 
We  were  all  soon  at  work  hauling  out  large  stones,  and 
scraping  with  our  hands,  guided  by  the  strong  musky  odour 
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which  pervaded  the  inhabited  burrows  which  run  through 
and  through  the  thick  walls  of  the  old  buildings,  the  latter 
of  which,  mixed  with  earth  and  turf  as  they  were,  afforded 
unequalled  facilities  to  the  birds  for  the  purpose. 

Five  minutes'  steady  digging,  and  the  first  petrel  with  its 
egg  was  brought  to  light.  I  examined  it  eagerly,  and  was 
delighted  to  find  it  was  a  specimen  of  Leach's,  or  the  fork-  * 
tailed  petrel  (Procellaria  leucorrhoa).  Subsequently  we  dug 
out  twenty-two  more,  with  their  eggs,  all  within  an  hour  and 
a  half,  and  could  easily  have  obtained  a  great  many  others 
had  we  wished. 

This  colony  is,  I  therefore  imagine,  one  of  the  principal 
breeding  stations  of  this  species  in  the  Eastern  Hemisphere, 
and  certainly  the  largest  in  Great  Britain,  the  only  other  yet 
known  being  on  one  of  the  St  Elilda  group,  found  by  Sir 
William  Milner  in  1847.  Mr  Gray  also  states,  in  his  work 
on  the  "  Birds  of  the  West  of  Scotland,"  that  it  breeds  on  the 
island  of  Eum ;  but  this,  I  should  think,  requires  corroboration. 
I  have  searched  the  portion  of  the  island  mentioned  twice 
without  finding  any  traces  of  them,  and  other  ornithologists 
have  been  equally  unsuccessful.  I  cross-questioned  several  of 
the  Eum  shepherds,  who  at  first  said  that  petrels  did  breed  on 
that  island ;  but  when  I  asked  them  to  describe  the  bird,  they 
accurately  described  the  Manx  shearwater  {Puffinus  anglorum), 
which  does  breed  in  Eum  in  great  numbers,  and  where  I  have 
taken  their  eggs.  Mr  Elwes,  in  his  article  on  "The  Bird 
Stations  of  the  Outer  Hebrides,"  ^  mentions  it  breeding,  along 
with  the  stormy  petrel,  on  Berneray  or  Barra  Head  island, 
but  does  not  give  certain  data.  The  Leach's  petrels  on 
Eona  seemed  to  build  in  small  companies,  one  large  main 
burrow  in  the  walls  of  the  ruins  serving  for  several  pairs  of 
birds,  which  made  smaller  burrows  branching  off  at  right 
angles  to  the  main  one. 

I  found  a  burrow  on  the  top  of  the  hill  at  the  east  end  of 
the  island,  so  I  imagine  they  breed  all  over  the  island  wher- 
ever there  are  suitable  situations. 

Leaving  the  petrels,  I  started  to  explore  the  island.  I  was 
rather  surprised  to  find  a  small  flock  of  curlews  among  the 

i  Ibis,  1869,  p.  20. 
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long  grass  near  the  centre.    They  were  very  wild,  and  I  could 
not  procure  a  specimen,  which  I  very  much  wished  to  do. 

As  we  were  returning  to  the  boat  I  observed  a  number  of 
seals  on  an  outlying  rock,  but  as  they  did  not  permit  of  a 
near  approach,  I  could  not  determine  the  species. 

The  rock  of  which  both  Eona  and  Sula  Sgeir  are  composed 
is,  according  to  MacCulloch,  gneiss,  alternating  with  beds  of 
hornblende  schist,  equalling  or  exceeding  it  in  quantity,  and 
traversed  by  granite  veins. 

About  twelve  noon  I  returned  on  board  the  "Medina," 
and  having  seen  all  sail  made,  turned  in,  with  the  gratifica- 
tion of  imagining  that  I  had  contributed  my  small  mite  in 
the  way  of  ornithological  discovery. 

List  of  birds  observed  on  Eona  and  Sula  Sgeir  : — 

Falco  peregrinus  (Tunstall),  Peregrine  Falcon. — I  observed 
a  pair  of  these  birds  hovering  near  the  south-west  part  of  the 
cliff  on  North  Eona,  where,  I  have  no  doubt,  they  had  a  nest, 
from  the  outcry  they  made  when  that  portion  of  the  island 
was  approached. 

Scudcola  cenanthe  (Linn.),  Wheatear. 

Anthus  pratensis  (Linn.),  Meadow  Pipit. 

Anthics  olsmirus  (Lath.),  Eock  Pipit. 

These  three  species  I  observed  on  Eona  only,  and  only  in 
very  small  numbers. 

Phalacrocorax  graculus  (Linn.),  Shag. — This  species  was 
largely  represented  on  both  islands.  On  Sula  Sgeir  they 
bred  in  the  huts  and  under  the  large  stones,  while  on  Eona 
they  bred  in  the  crevices  and  fissures  of  the  cliffs,  and  under 
the  rocks  which  had  fallen  from  above. 

Sula  bassana  (Linn.),  Gannet. — The  gannets  now  breed 

only  on   Sula  Sgeir,  to  which  they  may  give  the  name. 

Gannets  are  said  to  have  bred  at  one  time  on  Eona,  but  on 

this  point  we  have  no  authentic  information.     If  true,  I 

imagine  the  nests  must  have  been  placed  on  the  cliffs.    Some 

idea  of  the  vast  numbers  of  gannets  frequenting  Sula  Sgeir 

during  the  breeding  season  may  be  formed  from  the  fact  that 

from  2000  to  2500,  and  in  some  years  as  many  as  3000 

young  birds  are  taken,  being  more  than  double  the  number 
VOL.  vni.  E 


66.  Proceedings  of  the  Royal  Physical  Society, 

which  are  got  from  the  Bass  Eock  in  the  Firth  of  Forth, 
where  in  gome  years  not  more  than  800  are  obtained. 

Somateria  mollissima  (Linn.),  Eider  Duck. — Very  plentiful 
on  Eona,  building  among  the  grass  at  some  distance  from  the 
water.  I  also  took  a  nest  with  four  fresh  eggs  on  Sula 
Sgeir. 

Ho^matopus  ostralegus  (linn.),  Oystercatcher. — Several 
pairs  weiie  found  on  North  Eona,  where  I  took  a  nest  on  the 
verge  of  the  cliff  at  the  height  of  about  200  feet.  I  never 
saw  an  oystercatcher's  nest  in  so  exalted  a  position  before. 

Numenius  arquata  (Linn.),  Curlew. — About  five  or  six 
pairs  near  the  centre  of  North  Eona.  They  were  very  noisy, 
and  I  think  were  breeding,  although,  as  might  have  been 
expected,  we  could  not  find  the  young  birds.  I  was  sorry  I 
could  not  shoot  a  specimen,  as  it  seemed  to  me  to  be  a 
strange  place  for  curlews. 

Lams  argentatus  (Gmel.),  Herring  Gull. — I  noticed  several 
pairs  of  these  birds  on  Eona,  but  was  unable  to  get  any  of 
their  eggs. 

Larus  marinus  (Linn.),  Greater  Black-Backed  Gull. — 
There  was  a  large  colony  of  these  birds  on  the  low  point  at  the 
western  end  of  Eona,  just  below  where  the  ruins  are  situated. 
The  ground  was  all  littered  over  with  feathers,  nest  material, 
etc.,  and  the  young  birds  were  to  be  seen  hiding  under  the 
stones,  while  the  old  ones  created  a  terrible  din  overhead, 
now  and  then  swooping  down  unpleasantly  near  the  heads  of 
the  intruders  into  their  haunts.  I  did  not  notice  any  lesser 
black-backed  gulls  {L.fuscus),  though  I  have  no  doubt  they 
were  there. 

Rissa  tridactyla  (Linn.),  Kittiwake. — ^A  large  colony  of 
these  birds  on  the  north  side  of  Sula  Sgeir ;  also  another  on 
the  north-west  side  of  Eona,  where  there  are  some  very  large 
caves.     Both  these  places  are  practically  inaccessible. 

Frocellaria  leucorrlwa  (Vieill.),  Leach's  Petrel. — Found,  as 
before  stated,  on  Eona  only,  breeding  in  companies.  I  may 
note  that  I  found  no  trace  or  appearance  of  the  stormy  petrel 
(P.  pelagica)  on  either  island. 

Pnffinus  anglorum  (Tem.),  Manx  Shearwater. — I  could  not 
find  a  nest  of  this  bird  on  Eona,  although  I  saw  the  bird 
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within  a  few  miles  of  the  island,  and  have  no  doubt  that  it 
breeds  there. 

Alca  tarda  (Linn.),  Eazorbill. — Plentiful  on  both  islands. 
On  Sula  Sgeir  it  breeds  under  the  stones  on  the  level  surface 
of  the  island,  while  on  Eona  it  lays  its  single  egg  in  some 
hole  or  cranny  near  the  top  of  the  cliff. 

Zomvia  troile  (Linn.),  Guillemot. — Plentiful  on  both  islands. 
On  Sula  Sgeir  I  was  surprised  to  find  it  breeding  on  the 
level  top  of  the  island  among  the  puffins  and  razorbQls. 

Zomvia  troile,  var.  ringviay  Bridled  Guillemot. — I  noticed 
a  good  many  birds  of  this  variety  on  Sula  Sgeir,  where  I 
was  fortunate  enough  to  take  several  eggs  from  under  the 
birds. 

Uria  grylle  (Linn.),  Black  Guillemot. — There  were  a  good 
many  of  these  birds  about  the  west  end  of  Eona,  where  I 
took  one  egg.     I  did  not  see  any  on  Sula  Sgeir. 

Fratercula  arctica  (Linn.),  Puffin. — This  species  simply 
swarmed  upon  both  islands.  On  Sula  Sgeir  they  were  to  be 
found  under  the  stones,  and  on  Eona  all  round  the  island 
wherever  they  could  burrow.  A  considerable  number  of  the 
young  are  annually  taken  for  the  purpose  of  being  salted  for 
food  in  the  same  manner  as  those  of  the  gannets.  This  is, 
however,  done  at  an  earlier  period — ^viz.,  about  the  end  of 
July,  at  the  same  time  as  the  sheep-shearing  takes  place  on 
Eona.  From  500  to  1000  are  thus  captured;  they  are  either 
extracted  from  their  nests  by  means  of  a  hook  tied  to  the 
end  of  a  stick  about  2  feet  long,  or,  if  they  have  left  the  nest 
a  noose  attached  to  the  extremity  of  a  long  rod  is  slipped 
over  their  head  as  they  sit  on  the  rocks. 


III.  Remarks  on  the  Genus  Megalichthys  (Agassiz),  with 
Description  of  a  New  Species.  By  Dr  E.  H.  Traquair, 
F.E.S.    [Plate  IV.] 

(Read  20th  February  1884.) 

There  can  be  no  doubt  that  the  name  Megalichthys  was 
originally  suggested  to  Agassiz  by  the  gigantic  teeth  of  the 
great  round-scaled  fish  first  brought  into  notice  by  the  re- 
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searches  of  Dr  Hibbert  in  the  quarries  of  Burdiehouse,  though 
indeed  some  of  its  remains  had  long  previously  been  figured 
by  Ure  in  his  "  History  of  Eutherglen  and  East  KUbride." 
Uncontrovertible  evidence  of  this  may  be  found  by  referring 
to  the  Proceedings  of  the  British  Association  for  1834,  and 
to  Dr  Hibbert's  original  memoir  on  the  Burdiehouse  Lime- 
stone, published  in  the  Transactions  of  the  Eoyal  Society  of 
Edinburgh,  vol.  xiii.,  1 835.  But  with  the  remains  of  this  enor- 
mous creature  were  also  associated  and  confounded  certain 
rhombic  glistening  scales,  belonging  really  to  a  considerably 
smaller  fish  of  a  totally  different  genus,  and  when  Agassiz, 
subsequently  to  the  meeting  of  the  British  Association  at 
Edinburgh  in  the  year  above  quoted,  found  in  the  Museum 
at  Leeds  a  head  of  this  latter  form,  or  at  least  of  an  allied 
species,  he  adopted  it,  by  description  and  by  figure,  as  the 
type  of  his  MegalicMhys  Hihberti,^  relegatiug  the  other  to  the 
genus  Holoptychius,  This  latter,  the  real  "  big  fish,"  is  now 
known  as  Bhizodus  Hibberti,  the  founder  of  the  genus  being 
Professor  Owen ;  and  though  it  may  be  a  matter  of  regret 
that  it  did  not  retain  the  name  Megalichthys,  the  laws 
of  zoological  nomenclature  do  not  admit  of  any  alteration 
now. 

The  brilliantly  enamelled  scales,  head-plates,  and  teeth  of 
Megalichthys  are  among  the  commonest  vertebrate  remains 
found  in  the  estuarine  beds  of  the  Carboniferous  epoch  in 
Great  Britain ;  nevertheless  specimens  showing  the  fish  itself 
in  any  but  a  very  fragmentary  state  are  rare,  and  though  the 
head  is  very  well  known,  from  the  magnificent  specimen  at 
Leeds  figured  by  Agassiz,  no  concise  description  of  the  con- 
figuration of  the  body  or  of  the  arrangement  of  the  fins  has 
yet  been  given.  It  was  classed  by  Agassiz  in  his  hetero- 
geneous group  of  "  Sauroi'des,"  but  the  resemblance  of  its 
scales  and  head-plates  to  those  of  the  Old  Eed  Sandstone 
genera  Osteolepis  and  Dijplojpterus  did  not  escape  the  attention 
of  Sir  Philip  Egerton,  who  in  Morris's  "  Catalogue  of  British 
Fossils  "  proposed  its  reference  to  the  family  of  "  Sauroidei- 
dipterini"  {Saurdldes-di'pteriens),  instituted  by  Agassiz  for 
Dipterus  and  the  genera  just  mentioned.     From  this  group, 

1  Poissons  Foss.,  vol.  ii.,  pt.  2,  pp.  89-96,  PI.  63,  63a,  and  64. 
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however,  M'Coy  very  properly  struck  out  Dipterus}  which 
from  its  rounded  scales  he  classed  as  a  "  Coelacanth,"  and 
which  we  now  know  is  in  fact  a  Dipnoan,  allied  to  Ceratodus. 
The  probable  position  of  Megalichthys  in  the  "  Saurodipterini," 
was  also  indicated  by  Pander,  who  mentioned  its  close  re- 
lationship to  Osteolepis  in  the  arrangement  of  its  head  bones, 
the  shape  of  its  scales  and  teeth,  and,  above  all,  in  the  micro- 
scopic structure  of  its  hard  parts,  though  he  also  seemed  to 
hesitate,  on  account  of  our  want  of  knowledge,  of  the  conforma- 
tion and  position  of  its  fins.^  A  similar  opinion,  coupled  with 
a  similar  hesitation,  is  expressed  by  Professor  Huxley  in  his 
well-known  Essay  on  the  Classification  of  the  Devonian 
Fishes.^ 

Professor  Young,  in  a  paper  on  "  Carboniferous  Glyptodi- 
pterines,"*  makes  some  observations  on  Megalichthys,  including 
a  statement  that,  "since  1861,  specimens  illustrating  the 
form  of  the  fins  have  been  acquired  by  the  Museum  (Jermyn 
Street),  but  the  description  and  illustration  of  these  parts 
are  reserved."  I  am  not  aware  of  any  account  of  these 
specimens  having  been  yet  published.  An  important  point 
is,  however,  his  abolition  of  M'Coy's  genus  Gentrodus  as  a 
mere  synonym  of  Megalichthys,  Gentrodus  was  founded 
upon  a  detached  tooth  from  the  coal-measures  of  Carluke, 
Lanarkshire. 

Mr  J.  Ward  in  a  paper  on  the  "  Fishes  of  the  North  Stafford- 
shire Coal-field,"  classes  Megalichthys  in  the  family  Saurodi- 
pterini,  and  states,  moreover,  that  in  a  specimen  in  his  collec- 
tion the  pectoral  fins  are  well  preserved ; — "  They  are  lobate, 
i.e.,  the  central  portion  of  the  fin  is  covered  with  scales,  the 
fin-rays  forming  a  fringe  round  the  lobe."  ^ 

There  can  be  no  doubt  that  the  position  of  Megalichthys 
is  in  the  family  of  Saurodipterini,  as  defined  by  Pander,  and 
adopted  by  Huxley  and  other  writers.     In  every  matter  of 

1  British  Pal.  Foss.,  p.  690-592. 

2  Die  Saurodipterinen,  etc.,  des  devonischen  Systems,  p.  5. 
»Dec.  Geol.  Survey,  x.,  1861,  p.  12. 

*  Quart.  Jour.  Geol.  Soc,  xxii.,  1866,  pp.  596-608. 

*  North  Staffordshire  Nat.  Field  Club  ;  Addresses  and  Papers.     Hanley, 
1875,  p.  228. 
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**  family  "  importance,  its  structure  conforms  closely  to  that 
of  OsteoUpis. 

The  resemblance  of  the  scales  in  external  fonn  is 
sufficiently  obvious  to  every  one,  and  their  close  correspond- 
ence in  microscopic  structure  may  be  seen  by  comparing  the 
figures  of  transverse  sections  given  by  Williamson  in  Megal- 
ichthys}  by  Pander  in  Osteolepis.  ^ 

As  regards  the  osteology  of  the  head,  the  resemblance  is 
exceedingly  close  between  Megalichthys  and  the  Old  Eed 
Saurodipterines,  as  is  at  once  evident  on  comparing  the  figure 
of  the  head  of  Megalichthys  given  by  Agassiz  ^  with  those  of 
Osteolepis  given  by  himself,  by  Hugh  Miller,*  and  by  Pander. 
It  is  not  within  the  scope  of  the  present  paper  to  enter  into  a 
minute  or  even  a  general  account  of  Saurodipterine  cranial 
osteology;  a  few  points  may,  however,  be  conveniently 
alluded  to. 

1.  The  polygonal  plates  covering  the  ethmoidal  region  be- 
tween the  frontals  and  the  praemaxillse  are  often  more  or  less 
distinct  in  Megalichthys,  as  in  small  specimens  of  Osteolepis  ; 
often  they  are  fused  with  each  other,  and  with  the  adjacent  bones 
named  above,  as  seems  always  to  be  the  case  in  Diplopterus. 

2.  Though  Agassiz  made  a  singular  mistake  with  regard 
to  the  nasal  openings  of  Megalichthys,  he  was  perfectly 
correct  in  recognising  the  anterior  position  of  the  orbit,  and 
in  assigning  to  it  a  situation  exactly  coiTesponding  to  that  in 
OHtcolepis.  Professor  Young  of  Glasgow  has,  however,  in  a 
brief  notice  of  a  head  of  Megalichthys  belonging  to  Mr  John 
Smith,  Kilwinning,  Ayrshire,^  stated  that  the  two  outer  plates 
of  tluj  ])osterior  half  of  the  cranial  shield,  which  he  calls 
**  anterior  frontal"  and  "squamosal"  (posterior  frontal,  and 
sijiiamosal  of  the  nomenclature  adopted  by  myself),  bound 
tlie  orbit  above.  This  would  certainly  put  the  orbits  into  a 
position  very  different  to  that  which  they  occupy  in 
Osteolepis.     By  the  kindness  of  Mr  Smith,  I  have  had  an 

1  Phil.  TraiiH.,  1849,  PL  xlii.,  Fi*,'.  18. 

^  Siiuro(lij)torinon,  etc.,  PI.  v.,  Fig.  8. 

•'  PoisHoiiB  FosHilcH,  Atlas,  vol.  ii.,  Pis.  63  and  &da. 

*  Footin'ints  of  llio  Creator,  Figs,  12-15. 

'J  Pruf.  (Jeol.  So(.'.,  Glasgow,  iii.,  1868,  pp.  202,  203. 
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opportunity  of  examining  the  specimen  in  question,  and 
though  I  find  that  on  one  side  there  is  in  the  position  in- 
dicated a  triangular  space  formed  by  a  displacement  of  the 
adjacent  cheek-plates,  I  fail  to  see  how  it  can  be  interpreted 
as  an  orbit,  while,  on  the  other  hand,  the  position  of  the 
real  orbit  can,  T  think,  be  readily  enough  recognised  in  the 
place  where  we  would  expect  to  find  it. 

3.  I  have  not  seen  in  any  specimen  of  Megalichthys  the 
foramen  which  occurs  between  the  frontal  bones  in  Osteolepis 
and  Diplopterus. 

4.  Although  omitted  in  Miller's  and  Pander's  figures, 
lateral  jugular  plates  are  undoubtedly  present  in  Osteolepis 
and  DiplopteruSj  as  well  as  in  Megalichthys. 

The  microscopic  structure  of  the  teeth  of  the  Old  Eed 
Sandstone  Saurodipterines  is  not  yet  fully  elucidated  ;  so  far, 
however,  as  external  shape  goes,  there  is  nothing  of  sufificient 
importance  to  exclude  Megalichthys  from  the  group. 

Then  as  regards  the  fins.  The  Saurodipterini  have 
obtusely  lobate  pectoral  and  ventral  fius,  two  narrow  dorsals, 
one  similarly  shaped  anal,  and  a  caudal  which  may  be 
heterocercal  (Osteolepis)  or  diphycercal  {Diploptencs),  Tri- 
plopterus  of  M'Coy,  supposed  by  him  to  have  only  one  dorsal 
fin,  is  a  genus  which  is  really  non-existent,  as  it  was  founded 
on  a  specimen  of  Osteolepis,  compressed  in  such  a  manner  as 
to  show  both  ventral  fins,  one  of  which  was  mistaken  for  the 
single  dorsal.  The  dorsal  fins  vary  in  position  in  Osteolepis 
and  DiplopteruSy  being  in  the  latter  opposite  the  ventrals  and 
anal  respectively,  while  in  Osteolepis,  the  first  dorsal  is  in 
advance  of  the  ventrals,  and  the  second  opposite  the  space 
between  the  ventrals  and  the  anal.  Now  we  have  already 
seen  that  the  lobate  form  of  the  pectoral  in  Megalichthys 
Hibherti  was  not  unknown ;  it  is  noticed  by  Mr  Ward,^  and  was 
indeed  incidentally  alluded  to  long  before  by  Agassiz  ^  him- 
self in  describing  what  he  supposed  to  be  the  ventral  fin  of 
Glyptolepis,  but  which  was  in  reality  a  portion  of  the 
pectoral.^  A  specimen  from  the  coal-measures  of  Dalkeith, 
in  the  Edinburgh  Museum  of  Science  and  Art,  shows  also  very 

^  Loc,  cU.  '  Poissons  Fossiles  du  vieux  Gres  rouge,  p.  63. 

'  Pander,  op,  cU,f  p.  68  ;  Huxley,  op,  cU,,  p.  7.  " 
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clearly  the  obtuse  scaly  central  lobe  with  its  fringe  of  fin 
rays. 

As  regards  the  other  fins,  their  number  and  position  are 
clearly  shown .  in  a  specimen  from  the  coal-measures  of 
Airdrie,  Lanarkshire,  in  the  British  Museum.  There  are  two 
posteriorly  situated  dorsal  fins,  which  are  placed  as  in  Diplo- 
pteruSy  the  first  opposite  the  ventrals,  the  second  very  nearly 
opposite  the  anal.  Part  of  the  caudal  is  shown,  but  it  is 
unfortunately  not  in  a  very  perfect  condition. 

The  best  display  which  I  have  seen  of  the  fins  of  Megal- 
'khthys  is,  however,  in  the  specimens  from  Burdiehouse,  which 
form  the  special  subject  of  the  present  communication. 

No  doubt,  in  applying .  the  name  Megalichthys  Hibberti  to 
the  specimen  at  Leeds,  Agassiz  believed  that  he  had  before 
him  the  head  of  the  same  species,  whose  rhombic  enamelled 
scales  he  had  previously  seen  from  Burdiehouse  at  the 
Edinburgh  meeting  of  the  British  Association :  there  was 
not  indeed  material  at  the  time  for  deciding  otherwise.  But 
the  Burdiehouse  Megalichthys  is  now  represented  by  more 
than  a  few  detached  scales  and  bones,  the  entire  contour  of 
the  fish,  the  arrangement  of  the  fins,  and  many  details  regard- 
ing the  head  being  displayed  in  specimens  in  the  Edinburgh 
Museum  and  in  other  collections.  Now,  there  are  certain 
points  which  satisfy  me  pretty  fuUy  that  the  Burdiehouse 
fish  is  different  specifically  from  the  common  coal-measure 
form  of  which  the  head  at  Leeds  is  the  type,  and  it  might 
indeed  be  disputed  whether  the  former  has  not  a  prior  claim 
to  the  specific  name  "  Hibberti,*'  especially  as  some  of  its 
scales  and  bones  were  actually  figured  under  that  name,  along 
with  remains  of  Bhizodus,  by  Dr  Hibbert  in  his  classical 
memoir,  before  the  publication  of  Agassiz'  account  of  the  latter 
in  the  "  Poissons  Fossiles."  But  the  fact  that  Agassiz,  the 
founder  of  the  genus  and  species,  definitely  adopted  the  Leeds 
specimen  as  the  type  of  the  first  scientific  description  of  Megal- 
ichthys Hibbertij  coupled  with  the  natural  feeling  that,  except 
on  really  imperative  grounds,  it  is  not  wise  to  disturb  long 
established  names,  is,  I  think,  suflBcient  justification  for  allow- 
ing it  to  retain  the  name  which  it  has  borne  now  for  forty  years. 

Proceeding  now  to  the  description  of  specimens,  the  first 
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which  may  be  noticed  is  one  in  the  Edinburgh  Museum 
(Hugh  Miller  Coll.),  which  is  pretty  entire  though  small  (PL 
rV.,  Fig.  1).  It  measures  lOf  inches  in  length,  though  it  must 
be  noted  that  the  rays  of  the  caudal  fin  are  somewhat  frayed 
and  broken  at  their  extremities :  the  greatest  depth  of  the  body 
is  If  inch ;  the  length  of  the  badly  preserved  head  is  2| 
inches.  The  pectoral  fin  is  not  shown,  but  all  the  others  are, 
though  perhaps  not  in  so  complete  a  state  of  preservation  as 
might  be  wished.  There  are  two  dorsal  fins,  of  which  the 
anterior  one  is  the  smaller,  and  commences  6^  inches  from 
the  front,  while  the  second  arises  1 J  inch  further  back.  The 
ventral  arises  opposite  a  point  rather  behind  the  origin  of  the 
first  dorsal,  while  opposite  the  second  dorsal  is  an  anal  fin 
of  moderate  size,  but  whose  rays  are  unfortunately  rather 
broken  up.  The  caudal,  is  pretty  well  shown,  but  not  so  well 
as  in  the  next  specimen,  in  which  the  form  of  the  tail  and  of 
the  second  dorsal  and  anal  are  exceedingly  well  displayed. 
Fig.  2  represents  the  caudal  extremity  of  this  specimen, 
which  is  14  inches  in  length,  but  originally  it  must  have  been 
considerably  longer,  as  it  wants  the  head,  and,  I  should  imagine, 
also  a  good  bit  of  the  body.  The  caudal  fin  here  shown  may 
be  said  to  be  somewhat  intermediate  between  the  diphycer- 
cal  and  heterocercal  tj^es,  at  least  it  is  not  quite  so  hetero- 
cercal  as  that  of  Osteolepis,  and  in  general  form  reminds  us 
of  that  of  Tristichxypterus,  Eays  arise  from  both  the  upper 
and  lower  margins  of  the  body-continuation,  but  those  of  the 
lower  side  commence  in  advance  of  those  of  the  upper. 
After  the  commencement  of  the  rays,  the  upper  margin  of 
the  body-prolongation  slopes  very  little  downwards,  while  on 
the  other  hand  the  lower  one  slopes  very  rapidly  upwards, 
the  two  margins  then  converge  to  a  point  which  is  lost  among 
the  fin-rays,  the  scaly  covering  being  lost  at  this  part.  The 
posterior  margin  of  the  fin  slopes  obliquely  upwards  and 
backwards,  the  greater  number  of  the  rays  arising  from  the 
lower  aspect  of  the  body  prolongation,  while  the  apex,  cut 
off  in  the  specimen,  would  seem  to  be  formed  by  rays  arising 
from  the  upper  or  dorsal  side  of  the  axis. 

On  the  dorsal  aspect  of  the  specimen,  and  just  in  front  of 
the  caudal,  is  the  second  or  posterior  dorsal  fin.   The  anterior 
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margin  of  this  fin  measures  2f  inches  ;  it  has  a  narrow  scaly- 
base,  and  expands  somewhat  distally ;  its  apex  is  bluntly 
pointed.  Opposite  this,  upon  the  ventral  aspect,  is  the  anal 
fin,  of  the  same  length,  but  rather  more  lanceolate  in  shape. 

The  pectoral  fins  are  well  shown  in  a  specimen  in  my  own 
collection;  they  are  short  and  obtusely  rounded,  with  an 
obtuse  basal  scaly  lobe  fringed  with  rays.  The  lobation  of 
the  ventrals  seems  to  be  not  quite  so  marked. 

All  these  fins  are  composed  of  numerous  closely  set  rays, 
divided  by  very  close  transverse  articulations,  except  quite 
at  their  proximal  extremities,  which  are  covered  by  the  scales 
of  the  body;  they  dichotomise  towards  their  extremities, 
and  their  free  surfaces  are  brilliantly  ganoid  and  punctated 
like  the  scales. 

Scales, — The  scales  present  the  same  appearance  externally 
as  in  M,  Hibberti,  and  are  not  to  my  eye  distinguishable. 
Their  internal  surfaces  are  seldom  seen,  and  appear  some- 
times furnished  with  the  prominent  keel  seen  in  M.  Hibberti, 
while  in  other  instances  this  appears  to  be  absent. 

Vertebral  Column. — A  specimen  in  the  Museum  of  Science 
and  Art  shows  the  presence  of  ring-shaped  vertebral  centra 
as  in  M.  Hibberti, 

Head. — Fig.  3  represents,  reduced  in  size,  a  very  instructive 
head  in  the  Hugh  Miller  Collection,  in  which  the  cranial 
shield  is  very  well  shown.  This  is  as  usual  divided  across 
into  two  portions,  an  anterior  or  fronto-ethmoidal,  and  a 
posterior  or  parietal,  but  in  this  instance  the  anterior  portion 
is  longer  by  one-seventh  than  the  posterior  one ;  in  M.  Hib- 
bertiy  on  the  other  hand,  the  posterior  moiety  is  the  longer. 
Taking  the  parietal  part  of  the  buckler,  it  may  also  be  seen 
to  differ  in  shape  from  that  in  the  ordinary  species,  in  being 
proportionally  broader  in  front.  The  plates  of  which  it  is 
composed  seem  pretty  completely  fused  together  as  the 
indications  of  their  original  separation  are  slight  and  princi- 
pally posteriorly.  Near  the  hinder  margin  are  also  seen 
certain  grooves  like  those  observable  in  a  similar  situation 
on  the  cranial  shield  of  Osteolepis  and  Diplopterus.  One  of 
these  passes  transversely  across  the  middle  of  the  squaoiosal 
element :  another  is  V-shaped,  one  leg  of  the  V  continuing 
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the  direction  of  the  fonner  across  the  posterior  part  of  the 
parietal^  from  the  outer  margin  to  about  the  middle  of  the 
bone,  whence  the  other  leg  then  diverges  outwards  and 
backwards  towards  the  posterior  margin.  These  grooves  in 
Osteolepis  were  supposed  by  Pander  ^  to  indicate  the  original 
presence  here  of  elements  equivalent  to  the  transverse 
supra-temporal  chain  in  Folypterus,  but  a  careful  examination 
of  the  under  surface  of  Saurodipterine  cranial  shields,  show- 
ing the  sutures  and  centres  of  ossification,  proves  that  this  is 
not  the  case,  and  that  the  grooves  in  question  are  mere 
superficial  markings.  The  supra- temporals  are,  according  to 
my  interpretation,  represented  in  this  family  and  in  allied 
forms  by  the  three  plates,  one  median  and  two  lateral,  which 
lie  immediately  behind  the  shield,  and  which  are  lettered  by 
Professor  Huxley  in  Glyptolccmus  as  supra-occipal  and 
epiotics.^  The  anterior  or  fronto-ethmoidal  part  of  the 
shield  in  this  specimen  has  its  constituent  elements  com- 
pletely anchylosed,  so  that  not  even  the  frontals  are  sepa- 
rately recognisable.  On  each  side  the  margin  is  slightly 
excavated  for  the  upper  boundary  of  the  orbit ;  the  anterior 
margin  is  convex  and  expanded  to  form  the  rounded  snout : 
the  nasal  openings  are  not  visible.  The  whole  surface  of  the 
buckler,  besides  the  minute  punctation  of  the  glittering 
enamel,  is  covered  with  small  scattered  rounded  openings, 
apparently  the  orifices  of  "  mucous  "  ducts. 

The  posterior  part  of  the  cranial  shield,  detached,  is  well 
shown  in  another  specimen.  This,  when  compared  with  the 
corresponding  part  in  M.  Hibberti,  shows  the  same  greater 
proportional  breadth  in  front  seen  in  the  last  described  ex- 
ample, but  the  sutures  between  its  six  constituent  bones — 
viz.,  the  paired  parietals,  squamosals,  and  posterior  frontals 
— are  distinctly  marked;  and  the  slime-canal  apertures, 
similarly  scattered  over  the  surface,  are  very  much  smaller. 
The  peculiar  grooves  on  the  posterior  part  of  the  shield, 
alluded  to  above,  are  also  here  so  slightly  marked  as  to 
require  a  lens  for  their  definition. 

^  Op,  cU,,  p.  11. 

^  Op.  eU,,  p.  2,  Fig.  2.  On  this  subject  see  my  memoir  on  Tristichopterus 
alatus  (Trans.  Eoy.  Soc,  Edinb.,  voL  xxvii.,  1875,  p.  386). 
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Eeturning  to  the  former  head  (Fig.  3),  we  find  that  though 
the  operculars  are  gone,  and  most  of  the  other  superficial 
bones  fractured  and  badly  seen,  the  maxilla  and  mandible 
occupy  their  positions.  The  Maxilla  (mx,),  the  anterior 
portion  of  which  is  deficient  in  this  specimen,  at  once  at- 
tracts attention  by  its  narrow  shape.  It  is  shown  in  its 
entirety  in  the  specimen  represented  in  Fig.  4,  when  it  is 
seen  to  differ  from  that  of  M.  Hihberti  in  the  much  smaller 
depth  of  its  posterior  expanded  portion,  that  being  contained 
4^  times  in  its  length,  whereas  in  that  species  it  is  only  con- 
tained about  3  times.  The  same  fact  being  observable  in 
two  separate  specimens,  it  cannot  be  looked  upon  as  a  mere 
accidental  variety  in  shape. 

The  mandible  (Fig.  5)  seldom  exhibits  the  oblique  groove,  in- 
dicating the  original  separation  of  the  dentary  element,  which  is 
so  often  observed  in  M.  Hihherti.  Jugular  plates  were  present; 
principal  (Fig.  6),  median,  and  lateral;  but  these  do  not  call  for 
any  special  comment,  nor  do  the  opercular  bones,  which  are 
sometimes  found  detached,  and  exhibit  the  ordinary  shape. 

The  teeth  are  seldom  seen;  when  visible  they  appear 
rather  smaller  in  proportion  than  in  M.  Hibherti,  though  of 
the  same  general  appearance. 

The  scales  and  superficial  bones  of  the  head  have  their 
free  surfaces  covered  with  a  layer  of  smooth  and  brilliant 
ganoine,  which  under  a  lens  shows  a  minute  punctation  quite 
similar  to  that  in  M,  Hibberti. 

The  difference  in  shape  of  the  maxilla,  and  of  the  parietal 
portion  of  the  cranial  shield  are  to  my  mind  sufficient  evi- 
dence that  the  Megalichthys  of  Burdiehouse  is  specifically 
different  from  M.  Hibberti,  but  I  have  no  doubt  that  when 
both  species  are  more  minutely  examined  and  described, 
many  other  points  of  distinction  will  be  found.  For  the 
form  above  described,  which  is  certainly  still  less  likely  to 
be  confounded  with  either  the  M,  coccolepis  or  M.  rugosus 
of  Young  and  Thomson,^   I  propose  the  name  of   Megal- 

1  Proc.  Brit.  Assoc,  1869  (Exeter),  Trans,  of  Sections,  p.  102.  As  regards 
other  species  of  MegalicMhySj  M.  maxillaris  (Ag. )  was  never  described  or 
figured  ;  M.  prisciut  (Ag. ),  from  Orkney,  was  afterwards  referred  by  Agassiz 
to  Polyphradus  (i.e.,  Dipterus) ;  while  M.  Fischeri  (Eichwald)  is  pronounced 
by  Pander  to  be  portion  of  the  cranial  shield  of  an  Osteolepis. 
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ichthys  laticeps.  Possibly  its  remains  may  include  those  of 
Diplopterus  Bohertsoni  (Ag.),  said  to  be  also  from  Burdiehouse, 
but  as  this  is  a  mere  MS.  name,  to  the  original  of  which  there 
is  now  no  clue,  it  must  be  simply  cancelled. 

Its  remains  are  for  the  most  part  considerably  smaller  than 
those  of  the  coal-measure  species,  though  patches  of  scales 
occur  showing  that  it  sometimes  attained  a  size  nearly  as  great. 

TThe  fact  that  this  species,  of  Calciferous  Sandstone  age, 
is  distinct  from  any  yet  found  in  the  Coal-measures,  is  in 
accordance  with  the  result  of  all  my  experience  in  the 
domain  of  British  carboniferous  ichthyology ;  namely,  that 
very  few  species  of  Ganoids  are  common  to  the  strata  above 
and  below  the  Millstone  grit.  As  regards  Megalichthys,  how- 
ever, it  must  also  be  mentioned  that  its  scattered  remains  are 
also  not  uncommon  in  the  estuarine  beds  of  the  Scottish 
Carboniferous  Limestone  Series,  but  as  yet  I  have  seen  no 
specimens  on  which  any  secure  determination  of  species  can 
be  founded. 

Explanation  of  Plate  IV. 

AU  the  specimens  figured  are  in  the  Edinburgh  Museum  of  Science  and 
Art 

Fig.  1.  Megalichthys  laticeps  (Traq. ),  entire  specimen,  reduced  :  original, 
lOf  inches  in  length.     Hugh  Miller  Collection. 

Fig.  2.  Hinder  extremity  of  another  specimen,  showing  the  second  dorsal, 
anal,  and  caudal  fins  :  reduced  one-half. 

Fig.  3.  Head  of  another  specimen  showing  the  cranial  buckler,  maxilla, 
and  mandible :  reduced  more  than  one-fourth.     Hugh  Miller  Collection. 

Fig.  4.  Maxilla,  from  another  head  :  natural  size.    Hugh  Miller  Collection. 

Fig.  5.  Mandible,  reduced,  and  placed  upright  to  save  space  :  original, 
2^  inches  in  length. 

Fig.  6.  Principal  jugular  plate,  reduced  :  original,  2i  inches  in  length. 


IV.  Notes  on  a  Second   Collection  of  Birds  and  Eggs  from 
Central  Uruguay.    By  John  J.  Dalgleish. 

(Read  19th  March  1884.) 

Since  my  former  notes  on  this  subject  were  published  in 
the  Proceedings  of  the  Society,^  I  have  received  from  my  cor- 

1  Proc.  Roy.  Phys.  Soc,  vi.,  p.  232. 
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respondent  in  the  Banda  Oriental  a  further  collection  of  eggs, 
accompanied,  as  previously,  by  the  skins  of  the  parent  birds, 
and  for  the  identification  of  the  latter  I  am  again  under  obli- 
gation to  Mr  Sclater.  Continuing  the  numbers  from  my 
former  paper,  they  are  as  follows : — 

25.  Tinnunculus  cinnamominus,  Sw. — native  name  "  Hal- 
con/' — This  is  a  southern  form  of  T,  sparverius,  the  American 
Kestrel,  which  latter  is  found  throughout  the  whole  of  North 
America,  but  is  replaced  by  the  present  species  throughout 
the  southern  division  of  that  Continent  from  the  Straits  of 
Magellan  to  New  Granada,  the  States  of  Venezuela  and 
Guiana  excepted.  T,  cinnamominics  differs  in  plumage  from 
the  typical  T,  sparverivs  chiefly  by  the  want  of  the  rufous 
patch  on  the  crown  in  both  sexes,  which  part  in  the  former 
species  is  of  a  slatey  grey  colour.  Another  distinguishing 
mark  of  the  present  species  is  the  less  average  depth  of  the 
black  subterminal  bar  on  the  tail  of  the  adult  male.  In 
habits  it  somewhat  resembles  our  common  kestrel,  especially 
in  the  habit  which  has  gained  for  the  latter  the  name  of 
"windhover."  In  flight  it  is  very  rapid,  almost  equalling 
that  of  a  pigeon.  It  is  particularly  destructive  to  poultry, 
and  the  specimen  sent  me  was  killed  in  the  act  of  carrying 
off  a  young  turkey.  Its  food  otherwise  consists  of  mice  and 
small  birds,  and  Gibson  has  known  it  to  feed  on  locusts  in 
Buenos  Ayres.  It  is  resident  at  Tala,  though  migratory  in 
the  Argentine  Eepublic. 

Clutch  of  three  eggs,  taken  15th  November  1880,  from 
an  old  nest  of  the  green  parroquet  {Bolborhynchus  monachus)^ 
situated  in  a  lofty  Tala  tree,  about  15  feet  from  the  ground. 
The  largest  of  these  measures  l\]j  x  l-j%-  inch,  the  smallest 
l-ru-  ^  liV  ^^^^-  They  are  nearly  spherical  in  shape,  and  in 
colour  are  lighter  than  those  of  the  common  kestrel,  and 
more  resemble  those  of  the  lesser  kestrel  {T.  cenchris).  One 
of  T,  sparverius  is  figured  in  the  Ibis,  1859,  PI.  xii.,  Fig.  7. 

This  hawk  builds  no  nest,  but  lays  in  the  old  or  deserted 
one  of  some  other  species. 

26.  Progne  chalyhea  (Gm.). — This  species  is  known  to  the 
natives,  in  common  with  the  other  swallows,  as  "  Golondrino." 
It  is  found  throughout  South  America,  from  the  Argentine 
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Sepublic  northwards  as  far  as  Mexico.  It  frequents  country 
districts  and  populous  towns,  as  Buenos  Ayres,  alike.  It  is 
very  like  the  purple  martin  {P,  purpurea),  but  differs  in  the 
hue  of  the  under  plumage  and  also  in  its  breeding  habits. 
It  is  familiar,  noisy,  and,  in  the  season  of  courtship,  pug- 
nacious. Its  cry  on  approaching  the  nest,  off  which  it  flies 
at  once,  is  loud  and  startled,  but  at  other  times  they  have  a 
rather  sweet  and  pleasing  song,  which,  after  the  breeding 
season  is  over,  they  often  sit  and  utter  in  a  low  tone  on  the 
top  of  an  Ombu  tree  or  a  telegraph  wire.  They  are  fond  of 
sailing  in  circles,  particularly  in  a  high  wind.  They  arrive 
at  Tala  in  October,  and  leave  in  April. 

Clutch  of  four  eggs,  taken  7th  November  1880,  from  a  nest 
placed  under  the  eaves  of  a  shed  at  Tala,  the  largest  of  which 
measures  fl  ^  M  inch,  the  smallest  -J^  x  f^  inch.  They  are 
of  a  pyriform  shape,  and  pure  white  colour ;  occasionally  five 
eggs  are  laid. 

The  nest  is  generally  placed  in  chinks  in  walls  or  under 
the  eaves,  and  sometimes,  as  found  by  Bartlett  in  Peru,  in 
holes  in  trees.  When  the  entrance  to  the  hole  is  too  large, 
it  sometimes  closes  it  so  far  with  mud  and  straw.  The  lining 
of  the  above  nest,  and  which  was  sent  with  the  eggs,  consists 
of  paca,  a  sort  of  grass.  Sometimes  lichens  are  used  for  the 
purpose.  It  generally  resorts  to  the  same  breeding  places 
annually. 

27.  Chlorostilhon  splendidus  (Viell.) — native  name  "Pica- 
flor." — This  the  only  species  of  humming-bird  found  at  Tala 
seems  to  be  confined  to  Bolivia,  Southern  Brazil,  the  Argen- 
tine Eepublic,  and  Uruguay.  Although  possessing  somewhat 
of  the  beautiful  metallic  lustre  common  to  the  family,  it  may 
be  said  to  be  rather  unassuming  in  plumage.  They  are 
generally  found  near  fiowers,  on  whose  sweets  they  live.  In 
the  Argentine  Eepublic  they  feed  greatly  on  those  of  the 
ceiba  tree.  Durnford  mentions  having  found  fragments  of 
minute  coleoptera  in  the  stomach  of  one  which  he  had  dis- 
sected. They  are  common  at  Tala,  and  migratory,  arriving 
in  September  and  leaving  in  April,  although  a  stray  specimen 
has  been  observed  in  winter.  They  are  said  to  have  a  sweet 
little  song  when  hovering  over  the  flowers  to  which  they 
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resort.     They  are  occasionally  tamed  as  pets,  and  my  corre- 
spondent saw  a  pair  in  a  cage  at  Monte  Video. 

Clutch  of  two  eggs,  taken  20th  November  1880,  from  a 
nest  placed  inside  of  a  shed  in  Tala  garden.  Another,  also  of 
two  eggs,  taken  in  same  shed  on  11th  December  1880.  These 
are  all  of  the  same  dimensions,  viz.,  |§  x  -|^  inch,  of  an  elon- 
gated ovate  shape  and  pure  white  colour. 

Both  of  the  above  nests  were  sent  along  with  the  eggs. 
The  first  of  these  is  a  beautiful  little  structure,  formed  of  a 
few  straws,  lichens,  and  a  material  resembling  palm  fibre 
and  lined  with  a  white  cottony  substance,  possibly  the  cat- 
kins of  some  plant.  It  is  IJ  inch  in  external  diameter,  1 
inch  across  the  cavity,  and  |  of  an  inch  deep.  The  second 
nest,  although  alike  in  size  and  shape,  differs  in  wanting  the 
white  lining  and  in  containing  some  fine  grass  and  hair  in  its 
composition.  The  nest  is,  as  in  the  above  instances,  some- 
times built  in  sheds  and  sometimes  in  trees.  In  the  latter 
case  it  is  not  placed  above  but  suspended  below  a  branch. 
Sometimes  it  is  placed  low,  at  other  times  at  some  height 
above  the  ground,  and  great  care  seems  to  be  taken  to  assimi- 
late the  colour  of  the  materials  to  the  situation  the  nest  is  to 
occupy.     They  "  hum  "  while  engaged  in  building. 

28.  Synallaxis  striaticeps  (Lafr.  et  d'Orb.). — The  name  of 
"Eatonero,**  or  little  mouse,  is  applied  to  this  species  in 
common  with  some  others,  probably  from  their  retiring  habits. 
It  is  found  in  Bolivia,  the  Argentine  Eepublic,  Uruguay,  and 
on  the  Eio  Negro  of  Patagonia,  where,  however,  it  is  rare.  It 
frequents  the  neighbourhood  of  water,  and  seems  to  resemble 
in  habits  our  sedge  warbler.  It  is  figured,  as  well  as  its  egg, 
in  the  work  of  D'Orbigny,  who  observed  it  at  a  level  of  about 
6500  feet  above  the  sea.  It  feeds  on  small  insects,  and  is  of 
solitary  habits,  frequenting  thick  bushes.  It  is  not  a  common 
species  at  Tala. 

Two  eggs,  taken  10th  November  1880,  from  a  nest  placed 
in  a  low  bush,  probably  an  incomplete  clutch,  other  species 
of  this  genus  generally  laying  four  or  five  eggs.  They 
measure  |^  x  |-J  inch,  and  are  in  shape  of  a  pointed  oval,  and 
in  colour  of  a  creamy  white. 

The  nest  is  a  curious  structure,  formed  entirely  of  a  grey 
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fibrous  lichen,  not  unlike  that  occasionally  found  in  the  Scot- 
tish Highlands  growing  on  very  old  birch  trees.  It  is  lined 
with  a  few  feathers,  and  was  found  in  a  wood  near  Tala. 

29.  Troglodytes  furvus  (6m.) — native  name  "  Eatoncito," 
another  form  of  the  diminutive  term  for  a  mouse. — This  is  a 
noisy,  restless  bird,  somewhat  resembling  our  common  wren 
in  appearance,  as  well  as  in  its  song  and  actions,  although 
not  so  retiring  in  its  habits.  It  occurs  from  Nicaragua  down 
through  South  America  to  Patagonia,  where  it  was  observed 
by  Durnford.  It  has  usually  an  angry  harsh  note,  but  has 
also  a  rather  pleasing  song,  which  it  pours  forth  from  the  top 
of  a  bush,  an  aloe  leaf,  or  even  the  top  of  a  house.  It  is 
familiar  and  fearless,  and  comes  into  houses.  Gibson 
narrates,  that  on  one  occasion  he  was  sitting  reading  in  the 
house,  when  one  entered  by  the  window,  and  actually  alighted 
on  the  book  he  was  reading,  and  rested  there  for  a  few  seconds. 

Clutch  of  three  eggs,  taken  20th  November  1880,  from  a 
nest  placed  in  the  thatch  of  a  house.  Another  clutch  of 
three  eggs,  taken  from  a  similar  situation  11th  December 
1881.  These  average  -f-g-  x  |-o-  inch  in  size,  the  largest  being 
f^  X 1^  inch,  the  smallest  |-g-  x  |-J  inch.  They  vary  much  in 
markings  as  in  size.  The  ground  colour  is  white,  which  is 
minutely  freckled  with  pinkish  red  spots,  with  a  few  lilac 
ones.  Sometimes  the  spots  are  confluent  towards  the  large 
end  forming  a  zone,  the  markings  running  into  each  other. 
The  shape  is  a  somewhat  round  oval.  The  nest  is  placed  in 
various  situations,  sometimes  in  a  hole  in  a  tree,  when,  if  the 
hole  is  large,  some  twigs  are  used,  but  situations  are  often 
chosen  like  those  adopted  by  the  blue  titmouse,  such  as  the 
roof  of  a  barn,  the  rose  of  a  wateriug  can,  the  sleeve  of  an 
old  coat,  or,  as  in  this  instance,  under  the  thatch  of  a  house. 
Its  breeding  season  varies  from  the  20th  October  to  the 
middle  of  January.  The  nest  sent  with  the  first-mentioned 
clutch  of  eggs  is  formed  chiefly  of  horse  hair  and  a  few  roots, 
and  plentifully  lined  with  feathers  of  the  domestic  fowl. 

30.  Anthus  correndera  (Viell.) — native  name  "  Chachila." 

— This  species  is,  like  the  last,  widely  distributed  throughout 

South  America,  from  New  Granada  to  the  Straits  of  Magellan, 

and  it  is  also  found  in  the  Falkland  Islands.     It  is  very  like 
VOL.  vm.  F 
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our  common  meadow  pipit,  indeed  Latham  considers  it  a 
variety  of  that  species.  It  is  found  both  in  marshy  and  dry 
ground.  They  sing  in  the  air,  ascending  nearly  verticaUy, 
and  again  like  our  pipit  descending  with  outspread  wings. 
They  are  so  tame  as  often  to  be  struck  down  by  the  whips  of 
the  rough  native  carters.  They  vary  in  shade  of  colour 
apparently  according  to  the  sort  of  soil  on  which  they  are 
found.    They  are  plentiful  at  Tala,  and  do  not  migrate. 

Clutch  of  three  eggs,  taken  1st  November  1880.  Another 
of  four  eggs,  taken  23d  October  1881,  both  from  nests  placed 
on  the  ground.  They  measure  from  |^  x  |-o-  inch  to  |^  x  |^ 
inch.  In  shape  and  size  they  are  very  similar  to  those  of 
the  meadow  pipit.  The  ground  colour  is  white,  and  they  are 
spotted  more  or  less  with  olive  brown  or  reddish  brown, 
sometimes  minutely,  at  other  times  the  markings  are  bolder. 

The  nest  is  not  so  neatly  formed  as  that  of  the  meadow 
pipit,  and  more  resembles  that  of  a  lark,  the  grasses  of  which 
it  is  formed  being  coarse  and  loosely  put  together. 

31.  Serpophaga  suhcristata  (VielL). — This  species  of  fly- 
catcher is  found  in  Brazil,  Bolivia,  the  Argentine  Eepublic, 
and  other  States  bordering  upon  the  Eiver  Plata.  It  is  not 
very  common  at  Tala,  but  remains  throughout  the  year. 
Eetiring  in  habits,  it  is  also  wanting  in  vocal  power,  having 
no  song.  Its  food  consists  chiefly  of  insects,  which  it  picks 
off"  the  bark  of  trees  as  it  runs  up  their  sides.  It  occasionally 
goes  in  company  with  Sycalis  arvensis. 

Clutch  of  two  eggs,  taken  on  20th  November  1880,  from 
a  nest  placed  in  a  tree.  Another  clutch,  taken  29th  Novem- 
ber 1881,  from  a  nest  placed  in  a  bush  in  Tala  garden.  The 
eggs  of  the  former  measure  each  f^  x  ^  inch,  the  latter 
i%  ^  if  i^ch.  They  are  of  a  very  light  buff"  colour,  with- 
out markings,  and  are  of  a  pyriform  shape. 

The  nest  is  a  remarkably  neat  and  beautiful  little  structure 
formed  of  wool,  lichens  and  hair,  felted  together,  with  a  few 
fine  roots  which  also  serve  to  stiffen  it,  and  it  is  lined  with 
soft  feathers.  It  somewhat  resembles  a  miniature  chaffinch's. 
It  measures  2^  inches  across  the  top  over  all,  and  IJ  inch 
across  the  cavity,  which  is  1 J  inch  deep. 

32.  Pyrocephalus  rubineics  (Bodd.) — native  name  "  Chur- 
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rinche,"  also  "  Brasa  de  fuego  "  (coal  of  fire) ;  in  Colombia  it  is 
called  Sangre  de  toro  (bull's  blood),  and  in  the  Argentine  Ee- 
pubKc  "  militario  "  (soldier). — All  these  names  have  reference 
to  the  bright  and  brilliant  plumage  of  this  bird,  which  is  said 
to  catch  the  eye  at  a  distance  of  100  yards.  It  is  found 
throughout  South  America  except  in  the  extreme  south ;  it 
occurs  in  the  island  of  Trinidad ;  and  a  sub-species  is  found 
in  Mexico.  It  is  common  at  Tala  in  summer.  Its  flight  is 
rapid  and  short,  and  in  habits  it  resembles  our  spotted  fly- 
catcher. Its  song  is  sweet,  and  is  often  heard  at  night.  Its  food 
consists  of  insects.  It  is  migratory  at  Tala,  arriving  in  October. 
The  old  ones  leave  in  January  so  soon  as  the  young  are  able 
to  feed  themselves,  but  the  latter  nearly  three  months  later. 

Clutch  of  three  eggs,  taken  14th  December  1880,  from  a 
nest  in  a  tree.  Another  also  of  three  eggs,  taken  16th 
November  1881,  from  a  nest  placed  in  the  garden  hedge  at 
Tala,  3  feet  off  the  ground.  These,  with  other  eggs  from  the 
same  locality,  average  in  size  tJ  x  |^  inch,  the  largest 
measuring  -f-g^  x  |^  inch,  the  smallest  -H  x  ir  inch.  They  are 
of  a  brownish  buflf  colour,  strongly  marked  with  a  zone  of 
dark  brown  spots  near  the  large  end,  and  they  have  been 
well  likened  to  heavily  spotted  miniatures  of  the  eggs  of  the 
common  tern.    Their  shape  is  a  round  oval. 

The  nest  is  neatly  buUt,  is  formed  of  much  the  same 
materials  as  that  of  Serpo^haga  suhcristata,  and  is  beautifully 
felted.  It  contains  a  good  deal  of  horse  hair,  and  is  lined 
with  feathers.  The  specimen  sent  measures  2f  inches  across 
the  top,  and  2  inches  across  the  cavity,  which  is  1^  inch 
deep.  The  female  is  the  sole  builder  of  the  nest.  Though 
seldom  more  than  4  or  5  feet  off  the  ground,  and  usually 
built  in  exposed  situations,  it  is  difl&cult  to  find,  from  the 
bird's  skill  in  harmonising  it  in  colour  with  its  surroundings. 

33.  Tyrannus  mdancholicus,  Viell.  —  This  flycatcher  is 
found  throughout  South  America,  from  Colombia  and  Vene- 
zuela as  far  south  as  the  Argentine  Eepublic.  It  also  occurs 
in  Honduras,  and  the  West  India  Islands  of  Trinidad  and 
Grenada.  In  Colombia  it  has  been  found  at  an  altitude  of 
9000  feet.  At  Tala  it  is  resident  but  not  plentiful  It  is 
found  alike  in  the  woods  and  gardens,  in  the  latter  of  which 
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it  is  occasionally  destructive  to  the  seed  beds.  It  is  rather 
solitary  in  habits,  and  is  fond  of  perching  alone  on  tree  tops, 
hence  no  doubt  the  name  melancholicus.  It  frequents  the 
neighbourhood  of  houses  in  winter,  picking  up  any  morsels 
which  may  come  in  its  way.  Its  food  consists  otherwise  of 
insects  and  seeds. 

Clutch  of  two  eggs,  taken  29th  November  1880,  from  a  nest 
placed  on  the  ground.  These  measure  respectively  HxH 
inch  and  f5"  x  |^  inch.  The  egg  is  of  an  elongated  oval, 
with  a  white  ground  streaked  longitudinally  with  brown  and 
greyish  lilac  markings.  It  is  figured  in  the  Ibis,  1859,  PI. 
v.,  page  121.  The  nest  is  usually  placed  in  a  low  fork  of  a 
tree,  but  in  this  case  it  was  on  the  ground.  It  is  formed  of 
coarse  grasses,  roots,  or  vine  tendrils,  and  a  few  pellets  of 
wool,  and  is  lined  with  fine  grasses  and  horse  hair.  It 
measures  four  inches  in  external  diameter,  2|  inches  across 
the  cavity,  and  1|  inch  in  depth. 

34  Sycalis  arvensis  (Kittl.)  —  native  name  "  Canaria." — 
This  finch  is  found  from  Colombia  to  Chili  and  the  Argentine 
Eepublic.  It  goes  much  in  flocks  in  the  open  in  the  campo 
or  plains,  but  after  the  breeding  season  is  over  it  often  sits 
in  trees  all  day  singing  and  twittering.  It  lives,  like  other 
finches,  chiefly  on  seeds.  At  Tala  it  is  migratory,  arriving  in 
October  and  leaving  in  March. 

Clutch  of  five  eggs,  taken  29th  November  1880.  Another  of 
four  eggs,  taken  on  same  date.  These  vary  in  size  from 
f^  X  1^  inch  to  14  X  f^  inch.  They  are  white,  of  a  bluish 
tinge,  and  spotted  chiefly  towards  the  large  end  with  small 
reddish  brown  and  a  few  lilac  markings. 

The  nest  sent  is  formed  of  old  withered  grasses,  lined  with 
finer  material  of  the  same  nature;  it  measures  2^  inches 
across  the  shallow  cavity.  It  was  as  usual  placed  on  the 
ground. 

35.  Bolhorhynchus  monachus  (Bodd.) — native  name  "  La- 
tere."— This  the  only  species  of  Parroquet  found  at  Tala  is 
also  found  in  Brazil,  the  Argentine  Eepublic,  and  the  other 
States  on  the  Eiver  Plata.  It  is  numerous  at  Tala,  but  is 
not  found  in  such  enormous  flocks  as  Gibson  describes  in  the 
Argentine  Eepublic,  where  it  is  very  destructive  to  fruit  and 
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where  the  woods  abound  with  its  large  nests.  It  affords 
excellent  eating.  It  is  a  very  noisy  bird,  but  in  captivity 
becomes  quite  tame  and  can  be  taught  to  speak.  Dr 
Christison  tells  me  that  Dona  Firminia,  wife  of  one  of  the 
native  Peons,  had  one  whose  language,  although  generally 
unfit  for  polite  society,  was  often  made  use  of  in  a  singularly 
appropriate  manner.  Once  when  an  eagle  was  hovering 
over  him,  he  looked  up  at  it  with  cool  contempt,  confident 
in  the  presence  of  his  mistress,  and  exclaimed,  "  Puta  che 
pario,"  or,  "  Your  mother  is  no  better  than  she  should  be." 
Although  not  imagining  for  a  moment  that  the  bird  knew 
the  meaning  of  the  words,  Dr  Christison  thinks  it  not  im- 
probable that  he  knew  it  to  be  a  term  of  reproach.  He  was 
fond  of  chasing  the  dogs  away  by  calling  out  "  fuera,  fuera," 
adding  their  name,  and  it  is  curious  that  he  never  mistook 
one  dog  for  another.  Mr  Gibson  related  to  me  a  curious 
occurrence  which  took  place  at  his  residence  in  the  Argentine 
Republic,  when  a  large  cluster  of  their  nests  in  the  woods 
having  been  pulled  down,  an  enormous  flock  of  them 
appeared  in  the  garden  next  day  and  broke  over  the  whole 
of  the  young  branches  of  the  fruit  trees,  completely  destroy- 
ing all  prospects  of  fruit  for  that  year.  If  not  an  act  of 
revenge  on  their  part,  it  was  certainly  a  curious  coincidence. 
The  species  is  stationary  at  Tala. 

Clutch  of  three  eggs,  taken  14th  November  1880,  from  a 
nest  in  a  tree.  These  with  eight  in  my  collection  from  the 
Argentine  Eepublic  are  in  average  measurement  liV^M 
inch,  the  largest  which  is  from  the  latter  locality  measuring 
l:^x  11- inch,  the  smallest  being  from  Tala  and  measuring 
1^  X  \^  inch.  They  are  of  a  dull  white  colour  and  pointed 
at  each  end,  somewhat  resembling  the  egg  of  the  grebe  in  this 
particular.     Seven  or  eight  eggs  is  a  not  uncommon  clutch. 

The  nests  are  large  structures  suspended  and  woven  into 
the  extremity  of  the  branches  of  trees  about  ten  to  fifteen 
feet  off  the  ground.  They  are  formed  of  sticks  and  thorny 
twigs,  and  every  year  the  birds  add  to  their  size.  They  are 
usually  placed  in  the  woods  at  a  distance  from  houses,  and 
three  or  four  or  sometimes  a  dozen  pairs  frequent  one  series 
of  nests.    Each  division  of  the  nest  occupied  by  a  pair  con- 
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sists  of  two  chambers,  with  the  entrance  usually  underneath. 
The  nests  are  frequented  all  the  year.  Although  not  gene- 
rally using  other  than  the  above-named  materials,  occasionally 
they  are  not  particular,  as  the  following  will  show.  Two 
children  of  a  native  Peon  having  died  were  put  in  coflBns, 
and  as  is  the  strange  custom  among  that  race,  were  laid  on 
the  ground  at  the  foot  of  a  tree  in  a  wood.  At  the  end  of  a 
year  the  father  went  in  company  with  a  son  of  my  collector 
to  place  the  bones  in  a  small  box  for  final  interment.  In 
doing  this  he  quite  unconcernedly  cut  off  some  pieces  of  skin 
and  flesh  which  remained  on  the  bones  and  cast  them  aside. 
The  boy  happening  to  pass  the  same  place  some  time  after- 
wards, found  a  parroquet's  nest  built  in  the  tree  above  the 
spot,  to  which  he  ascended,  when  to  his  horror  he  found  the 
birds  had  picked  up  the  pieces  of  flesh  and  skin  and  incorpo- 
rated them  into  the  nest.  He  very  speedily  descended  and 
did  not  go  that  way  again  for  many  a  day. 

36.  Chrysoptilus  cristatus  (Viell.) — native  name  "  Carpin- 
tero." — This  term,  meaning  "  Carpenter,"  is  applied  both  to 
this  species  the  red-headed  woodpecker,  and  to  the  next. 
The  present  one  is  distributed  throughout  Southern  Brazil 
and  the  States  on  the  Eiver  Plata.  It  is  not  very  plentiful 
at  Tala,  but  is  resident  all  the  year.  It  goes  in  pairs,  and 
perches  not  unfrequently  on  the  top  of  a  bush  or  tree,  but 
their  usual  attitude  is  that  of  a  woodpecker,  and  their  food 
is  also  similar  to  that  of  other  members  of  the  family,  being 
chiefly  the  insects  they  obtain  on  the  trunks  and  branches  of 
trees.  They  are  noisy,  fly  low  without  moving  their  wings, 
and  with  an  undulatory  motion. 

Clutch  of  four  eggs,  taken  28th  October  1880,  from  a  hole 
in  a  tree.  Another,  also  of  four  eggs,  taken  11th  December 
1881,  from  a  hole  in  a  wire  fence  post.  These  average  in  size 
ItV  ^  ff  inch,  the  largest  measuring  1^^  x  ||-  inch,  the 
smallest  1^^  x  f^  inch.  They  are  of  an  elongated  oval 
shape,  are  pure  white  in  colour,  and  have  the  highly  polished 
surface  common  to  the  eggs  of  the  family. 

The  nest  is  formed  in  a  tree  and  sometimes  in  a  post.  It 
is  excavated  by  the  bird,  and  is  generally  nearly  a  foot  in 
depth  ;  the  chips  fall  down  inside  and  form  the  only  lining. 
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They  do  not  take  long  to  the  work  of  making  the  nest.  My 
collector  informs  me  that  he  watched  a  pair  so  engaged ;  on 
the  third  day  only  the  tail  of  the  bird  was  to  be  seen  when 
at  work,  while  on  the  fifth  day  it  was  out  of  sight.  One  of 
the  birds  is  always  on  the  watch  while  the  other  is  sitting, 
and  on  the  approach  of  an  intruder  gives  the  alarm,  when 
they  both  fly  off.  Snakes  often  enter  the  holes,  which 
renders  an  e'xamination  somewhat  perilous  :  they  eat  the  eggs. 

37.  Colaptes  a^ricola,  Malh.  —  the  black-headed  wood- 
pecker, as  above  mentioned,  is  also  known  by  the  name  of 
"  Carpintero."  It  is  more  numerous  at  Tala  than  the  last 
species,  and  like  it  is  resident.  Its  range  seems  nearly 
coextensive  with  the  other.  Gibson  does  not  mention  it,  but 
Lee  found  it  common  at  Frayle  Muerto,  between  the  towns  of 
Cordova  and  Rosario  in  the  Argentine  Republic.  Its  habits 
are  very  similar  to  those  of  the  red-headed  woodpecker. 
Occasionally  it  is  seen  in  parties  of  two  or  three  on  the  grass. 

Clutch  of  four  eggs,  taken  26th  November  1880,  from  a 
hole  in  a  decayed  tree.  Another  of  four  eggs,  taken  27th 
October  1881,  from  a  hole  in  a  fence  post.  The  average  size 
of  these  is  l-^^  x  f^  inch,  the  largest  being  l-^^  x  |^  inch. 
They  are  very  similar  to  those  of  the  last  species,  but  are  not 
so  transparent,  and  are  blunter  at  the  small  end. 

The  nest  is  placed  in  similar  situations  to  that  of  the  last, 
and  the  same  remarks  are  therefore  applicable  to  it. 

38.  Ghiira  jpiririgua  (VielL). — The  Guira  cuckoo,  native 
na.me  "  Perencho,"  is  found  throughout  Brazil  and  the  River 
Plata  States.  It  is  not  uncommon  at  Tala.  From  its  scanty 
covering  of  feathers  it  is  a  curious  bird  in  appearance.  It  is 
gregarious,  and  has  a  curious  habit  of  perching  in  flocks  on  a 
branch  in  a  row  facing  difi'erent  ways  in  exactly  alternate 
order.  Its  cry  is  a  harsh  scream,  but  it  is  said  also  to  have 
a  musical  note,  which  is  seldom  heard.  Its  food  consists  of 
grasshoppers,  worms,  small  frogs,  snails,  and  pieces  of  meat. 
Its  flight  is  slow  and  feeble,  and  its  tail  is  much  in  its  way 
when  alighting,  causing  it  often  nearly  to  perform  a  somer- 
sault involuntarily.  It  is  not  shy,  and  ventures  among  farm 
buildings,  but  its  usual  habitat  is  the  "monte,"  or  woods. 
Gibson  states  that  the  natives  allege  it  can  be  taught  to  speak. 
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Clutch  of  three  eggs,  taken  14th  November  1881,  from  a 
nest  in  a  small  wood  half  a  mile  from  Tala.  Also  other  two 
clutches  of  three  eggs  each,  taken  on  8th  December  1881, 
from  nests  in  the  same  wood.  These  are  perhaps  the  most 
beautiful  of  any  of  the  eggs  of  South  American  birds,  and 
their  appearance  is  very  peculiar.  The  ground  colour  is  a 
pale  blue,  resembling  the  colour  of  the  egg  of  the  heron,  and 
over  this  is  a  remarkable  encrustation  of  a  white  calcareous 
substance,  finely  reticulated,  and  giving  the  egg  the  appear- 
ance of  being  covered  with  lace  in  relief  It  is  figured  in 
Thienemann's  "  Fortflanzungsgesichte,"  ^  PL  xv.,  fig.  11.  They 
average  in  size  l-f-J  x  l^j®^  inch,  the  largest  measuring  l|-g^  x  1^^^ 
inch,  the  smallest  1\%  x  1-^  inch.  They  are  of  an  elongated 
spherical  form,  and  are  three  or  four  in  number. 

The  nest  is  usually  a  large  structure  of  sticks,  generally 
built  about  20  feet  from  the  ground.  Of  the  above,  however, 
one  of  the  last  mentioned  was  placed  so  low  as  to  be  within 
reach  from  the  ground.  They  were  all  three  in  Tala  trees,  and 
were  lined  with  wool  wrought  into  the  interstices  of  the  sticks. 
Gibson  mentions  finding  a  nest  lined  with  green  alder  leaves. 
No  specimen  has  been  sent  me,  owing  to  their  great  bulk. 

39.  Cohcmba  picazuro,  Temm. — This  bird,  which  is  about 
the  size  of  our  rock  pigeon,  is  pretty  common  at  Tala,  where 
it  is  resident.  It  occurs  also  in  Brazil,  Southern  Paraguay, 
and  the  Argentine  Eepublic.  At  Tala  they  are  wild,  go  in 
flocks,  and  are  swift  on  the  wing.  Their  food  consists  of 
seeds  and  tender  young  grasses,  as  lucerne.  Gibson  also 
mentions  their  visiting  the  killing-places  to  feed.  At  night 
they  roost  on  the  top  of  lofty  trees.     Their  voice  is  pleasing. 

Clutch  of  two  eggs,  taken  28th  October  1880,  from  a  nest 
placed  in  a  tree.  These  are  white,  and  resemble  those  of  the 
woodpigeon.  They  differ  considerably  in  size,  one  measur- 
ing l|-g-  X  1  inch,  the  other  1^  x  1^%  inch.  Others  I  have 
from  Buenos  Ayres  vary  quite  as  much  in  dimensions. 

The  nest  is  usually  placed,  about  15  feet  from  the  ground, 
in  a  tree,  and  consists  of  a  shallow  platform  of  twigs,  much 
resembling  the  nest  of  the  woodpigeon.  The  eggs  are  visible 
through  the  nest. 

1  Leipzig,  1845-57. 
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V.  Note  on  the  Structure  of  the  Body-  Wall  in  certain  Earth- 
worms, By  F.  E.  Beddard,  Esq.,  M.A.  (Oxon.),  F.E.S.E., 
F.Z.S. 

(Read  16th  January  1884.) 

Although  up  to  the  present  but  few  of  the  numerous  genera 
of  earthworms  have  been  histologically  investigated,  it  appears, 
from  what  is  known,  that  the  structure  of  the  body -wall 
varies  considerably  in  detail  in  different  types;  all  agree, 
however,  in  possessing  an  outer  epidermis  which  secretes  a 
thin  chitinous  cuticle,  and  two  subjacent  muscular  layers,  an 
external  transverse  and  an  internal  longitudinal.  The  present 
note  relates  to  the  structure  of  the  body-wall  in  the  two 
genera,  Perionyx  and  Perichceia, 

In  Perionyx  the  epidermis  closely  resembles  that  of  the 
common  earthworm;  it  is  composed  of  a  single  layer  of 
delicate  elongated  cells,  among  which  may  be  distinguished 
a  number  of  larger  granular  cells,  connected  with  the  exterior 
by  a  fine  pore,  which  passes  through  the  outer  chitinous 
cuticle.  The  structure  of  the  epidermis  in  the  common 
earthworm  has  recently  been  carefully  studied  by  Dr  Horst  ^ 
and  Dr  v.  Mojsisovics,^  and  both  these  observers  agree  in 
stating  that  it  is  only  vascular  in  the  region  of  the  clitellum. 
In  Perionyx,  on  the  contrary,  the  terminal  branches  of  the 
blood  system  penetrate  within  the  epidermis  of  the  general 
body  surface.  With  the  exception  of  Pleurochceta,  a  new 
genus  lately  described  by  me,^  this  is  the  only  example  of 
the  phenomenon  among  the  Oligochseta,  and  it  is  not  a  little 
remarkable  that  a  structural  feature  of  such  obvious  physio- 
logical advantage  should  be  present  in  one  genus  and  absent 
in  another,  especially  when  we  consider  that  there  can  be  no 
great  difference  between  various  species  of  earthworms  in 
mode  of  life  and  in  their  physiological  needs.  There  can  be 
no  possible  doubt  that  this  intra-epidermic  vascular  plexus 
is  entirely  unrepresented  in  the  common  earthworm  as  well 
as  in  the  two  genera  Urochmta  and  Pontodrilvs,  upon  which 

^  Tijdschr.  d.  Nederlandsch.  dierk.  Ver.,  Deel  iii.,  afl.  1, 

8  Sitzungber.  Akad.  Wiss.  Wien,  1877. 

*  Trans.  Roy.  Soc,  Edinb.,  vol.  xxx.,  pt.  2. 
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M.  Perrier  has  recently  published  two  admirable  and  exhaus- 
tive memoirs/  inasmuch  as  there  is  no  necessity  for  an 
injection  to  demonstrate  its  presence.  If  this  were  actually 
necessary,  the  difficulty  of  successfully  injecting  such  small 
animals  would  naturally  introduce  abundant  source  of  error, 
but  as  a  matter  of  fact  it  is  not  in  the  least  necessary,  for  if 
the  animal  be  killed  by  immersion  in  spirit,  the  capillaries 
remain  injected  with  their  own  blood,  and  are  extremely 
conspicuous  under  the  microscope  as  yellow-coloured  branch- 
ing tubes.  In  JJrochceta  Perrier  does  not  figure  or  describe 
intra-epithelial  capillaries,  and  in  Pontodrilus  he  expressly 
states  that  the  terminal  ramifications  of  the  vascular  system 
are  contained  in  the  circular  muscle-layer,  beyond  which 
they  do  not  penetrate. 

Although  the  first  description  of  intra-epithelial  capillaries  in 
earthworms  is  contained  in  my  own  paper  already  quoted,  the 
fact  itself  was  not  new,  since  Professor  Lankester  had  pre- 
viously pointed  out  that  the  epidermis  of  the  leech  is  vascular; 
in  this  Annelid,  moreover,  the  capillaries  are  accompanied 
by  pigmentiferous  connective  tissue  cells.^  The  epidermis  of 
Perionyx  agrees  with  that  of  the  leech,  and  differs  from  that 
of  all  other  earthworms  in  being  pigmented,  but  the  state  of 
preservation  of  the  specimen  from  which  my  sections  were 
taken  was  not  sufficiently  good  to  enable  me  to  decide 
whether  the  pigment  was  intrusive  or  simply  contained 
within  the  epidermic  cells  themselves. 

In  Lumbrictcs  the  epidermis  is  separated  from  the  subjacent 
layer  by  a  thin  elastic  membrane,  from  which  are  given  off  a 
number  of  fine  processes,  which  ramify  between  the  individual 
fibres  of  the  transverse  muscular  coat.  In  both  Perionyx  and 
Perichceta  this  elastic  network  is  very  highly  developed,  and 
the  meshes  of  which  it  is  composed  are  in  most  cases  five  or 
six  times  the  diameter  of  the  enclosed  muscle  fibrils,  which 
are  thus  furnished  with  a  very  strong  elastic  sheath,  com- 
parable perhaps  to  the  elastic  sareolemma  of  the  vertebrate 
muscular  fibre.     The  longitudinal  muscles  are  similarly  sur- 

^  Arch,  do  Zool.  Expor.,  t.  iii.  and  t.  ix. 

'•»  Mv  A.  G.  liourno  has  rocciitly  (Proc.  Koy.  Soc,  1883,  No.  229)  proved  the 
presence  of  an  oi)idorniic  plexus  in  all  the  Gnathobdellida?. 
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rounded  by  a  network  which  is,  however,  fine  and  delicate  in 
PerionyXf  and  appears  to  be  completely  absent  in  Perichceta. 
The  function  of  this  elastic  network  is  probably  to  assist  in 
extending  the  fibres  after  contraction;  this  would  account 
for  its  greater  development  in  the  outer  transverse  layer, 
since,  in  the  longitudinal  layer,  the  contractions  of  the  muscles 
of  one  side  of  the  body  would  be  alone  quite  sufl&cient  to 
extend  those  of  the  opposite  side.  In  the  transverse  layer 
there  is  of  course  no  such  direct  counteracting  mechanism, 
though  no  doubt  the  pressure  of  the  perivisceral  fluid 
materially  assists  in  extending  the  contracted  fibres.  The 
elasticity  of  this  intermuscular  network  must  be  at  least  an 
additional  mechanical  advantage. 

This  structural  peculiarity  of  the  muscular  layers  is  not 
found  in  all  Oligochseta.  In  Urochceta  there  appears  to  be  nq 
trace  of  it  whatever.  Transverse  sections  of  the  body-wall  are 
figured  by  Perrier  in  his  memoir  on  the  anatomy  of  the  genus, 
and  show  plainly  that  the  individual  muscular  fibres  are  in 
close  contact  and  not  isolated  from  each  other  by  any  septa 
of  elastic  tissue ;  in  Pontodrilus  the  circular  layer  of  muscles 
resembles  that  of  Urochceta,  but  the  inner  longitudinal  muscles 
are  separated  into  numerous  bundles  by  elastic  septa.  Finally, 
in  the  genus  PleurochoBta  I  have  described  a  structure  closely 
similar  to  that  of  Perioiiyx  and  Perichceta. 


VI.  Notes  on  the  Genus  Gyracanthus  {Agassiz),     By 
Dr  R  H.  Traquair,  F.RS. 

(Read  19th  December  1883.) 

1.  Did  Gyracanthus  possess  dorsal  ^ines  ? 

Although  Agassiz  himself  pointed  out  that  the  spines  of 
Gyracanthus  were  not  bilaterally  symmetrical,  inasmuch  as 
one  side  was  more  rounded  than  the  other,  he  nevertheless 
regarded  them  as  dorsal,  and  so  did  people  in  general,  until 
in  1863  Messrs  Kirkby  and  Atthey  pointed  out  the  probable 
pectoral  nature  of  some  at  least  of  these  appendages,  the 
grounds  for  this  conclusion  being  the  conspicuous  lateral  cur- 
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vature  shown  by  such  specimens,  along  with  the  wearing 
away  of  the  apices,  as  if  they  had  been  subject  to  habitual 
attrition  at  the  bottom  of  the  water  in  which  their  possessors 
lived.  In  1868  Messrs  Hancock  and  Atthey  returned  to 
the  subject,^  and,  reviewing  the  extensive  series  of  specimens 
in  the  collection  of  the  last-named  gentleman,  divided  them 
into  two  categories — first,  those  with  lateral  curvature  and 
worn  apices,  and  second,  those  in  which  apparently  there  was 
only  an  antero-posterior  curvature  and  in  which  the  apex  was 
entire  and  pointed.  The  former  set,  which  could  also  be 
arranged  in  pairs,  they  regarded  as  pectoral,  the  latter  as 
dorsal?' 

The  occurrence  of  numerous  spines  of  this  genus  in  the 
Blackband  Ironstone  of  Borough  Lee,  near  Edinburgh,  having 
lately  induced  me  to  inquire  into  the  whole  subject  of  Gyra- 
canthus,  I  was  surprised  to  find  that,  among  the  numerous 
specimens  which  came  under  my  observation  from  that  and 
other  localities  in  Scotland,  there  was  not  one  which  was 
bilaterally  symmetrical,  and  which  consequently  could  be 
assigned  to  a  median  position.  On  this  subject  I  published 
a  few  remarks  in  the  Geological  Magazine  for  December 
1882.     To  pursue  the  subject  further  it  was,  however,  abso- 

1  Ann.  &  Mag.  Nat.  Hist.  (4),  1868,  vol.  i.,  p.  368.  In  a  footnote  Messrs 
Hancock  and  Atthey  refer  to  a  paper  by  Messrs  Atthey  and  Kirkby, 
entitled  "Fish-remains  in  the  Coal-measures  of  Durham  and  Northumber- 
land," as  having  been  read  before  the  British  Association  at  Newcastle  in 
1863,  and  as  containing  the  first  suggestion  of  the  paired  nature  of  these 
spines.  I  cannot  find  this  paper  in  the  British  Association's  Proceedings 
for  that  year ;  and  although  a  paper  of  the  same  title  is  found  in  the 
Proceedings  of  the  Tyneside  Naturalists'  Field  Club,  it  contains  no  reference 
to  Gyracanthiis.  These  original  remarks  would  therefore  seem  not  to  have 
been  published. 

^  In  a  paper  on  Tristychiics,  published  in  the  Ann.  &  Mag.  Nat.  Hist,  for 
September  1883,  Mr.  T.  Stock  states,  with  regard  to  Messrs  Hancock  and 
Atthey's  views  as  to  the  pectoral  nature  of  certain  Gyracanthtcs-s-pines,  that 
he  has  **been  able  to  confirm  their  conclusions  by  the  finding  of  an  interest- 
ing specimen  containing  well-preserved  remains  of  the  pectoral  arch,"  and 
refers  to  a  paper  on  the  subject,  read  by  himself  to  the  Edinburgh  Naturalists' 
Field  Club.  However,  on  consulting  the  paper,  now  published  (Trans. 
Edinb.  Nat.  Field  Club,  vol.  i.,  pt.  2,  pp.  50,  51),  it  turns  out  that  the 
"pectoral  arch,"  in  this  case,  is  Messrs  Hancock  and  Atthey's  "carpal  bone," 
of  which  more  anon. 
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lutely  necessary  to  re-examine  the  specimens  in  the  Atthey 
Collection,  now  in  the  museum  at  Newcastle-on-Tyne.  And 
having  recently  visited  that  city,  I  must  here  express  my 
cordial  thanks  to  my  friends  Mr  W.  Dinning,  Secretary  of 
the  Newcastle  Natural-History  Society,  Mr  E.  Howse, 
Curator  of  the  Museum,  and  Mr  J.  Hancock,  member  of  com- 
mittee, for  the  kind  and  liberal  manner  in  which  they  afforded 
me  every  facility  for  examining  the  specimens  in  that  remark- 
able collection  of  Coal-measure  vertebrate  remains. 

Although  I  have  not  seen  the  original  type  of  Agassiz*s 
Oyracanthus  tuberculatus,  I  have  no  hesitation  in  referring  to 
it  the  great  majority  of  the  specimens  from  Newsham  in  the 
Atthey  Collection,  and  they  form,  indeed,  a  most  beautiful  and 
instructive  series.  And  as  no  systematic  description  has  been 
given  of  this  form  since  the  time  of  Agassiz,  who  had  only  a 
drawing  of  a  mere  fragment  to  go  upon,  it  will  not  be  out  of 
place  to  enter  somewhat  into  detail  as  to  the  configuration  of 
these  spines. 

Proceeding  first  to  the  consideration  of  those  labelled 
"  pectoral  '*  in  the  Atthey  Collection,  one  very  fine  example  is 
15  J  inches  in  length  by  2  J  in  diameter  at  its  widest  part  near 
the  base ;  its  distal  extremity  is  obliquely  truncated  or  worn 
off  on  the  anterior  aspect,  and  the  whole  spine,  when  looked 
at  from  the  front,  displays  a  well-marked  lateral  curvature  or 
bend,  which  enables  us  to  distinguish  a  convex  and  a  concave 
side.  It  will  also  be  observed  that  the  lateral  surface  is  more 
gibbous  or  rounded  on  the  convex  aspect  of  the  spine,  flatter 
on  the  opposite,  so  that  for  purposes  of  description  we  may 
distinguish  the  two  sides  as  "gibbous"  and  "subgibbous"  re- 
spectively. Still,  regarding  it  from  the  front,  it  will  be  seen 
that  the  sculptured  surface  ends  proximally  in  an  acute  angle; 
but  the  apparent  middle  line  on  which  the  tuberculated  or 
"  gjrrating  "  ridges  meet  does  not  bisect  this  angle,  but  divides 
it  so  that  the  sculptured  part  is  larger  on  the  gibbous  side. 
Now,  turning  the  spine  over  so  as  to  look  at  it  from  behind, 
we  observe  that  the  longitudinal  cleft  or  sulcus  leading  into 
the  central  cavity  is  not  in  the  middle  of  the  non-sculptured 
inserted  part,  but  is  placed  more  towards  the  subgibbous  side, 
so  that  we  have  here  from  the  very  beginning  a  marked 
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deviation  from  bilateral' symmetry,  one  side,  the  convex  or 
gibbous  one,  being  larger  than  the  other.  We  next  observe 
that,  from  the  distal  closure  of  the  sulcus,  the  lip  on  its  sub- 
gibbous  side  is  continued  onwards  towards  the  apex  as  a 
blunt  keel  or  margin,  having  on  the  gibbous  side  a  shallow 
longitudinal  depression  or  groove.  Thus  the  spine  has  now 
become  keeled  or  marginated  posteriorly,  and  from  this  mar- 
gin round  to  the  line  of  convergence  of  the  gyrating  ridges 
in  front  the  surface  on  the  subgibbous  side  is  narrower  and 
flatter,  while  on  the  opposite  or  gibbous  aspect  it  is  more  ex- 
tensive, more  rounded,  and  provided  with  the  aforesaid  longi- 
tudinal groove.  I  have  already,  on  a  previous  occasion,^ 
pointed  out  that  the  groove  is  obviously  equivalent  to  the  pos- 
terior flattened  area  in  such  median  spines  as  Ctenacanthus,  but 
here  turned  awry  and  looking  to  one  side,  while  the  posterior 
marginal  ridge  represents  one  of  the  denticulated  margins  in 
the  last-named  genus ;  the  other  is  to  be  looked  for  in  the 
opposite  or  feebly- marked  edge  of  the  groove  on  the  gibbous 
side  in  Oyracanthus,  The  sculptured  or  gyrating  ridges  are 
on  the  whole  pretty  straight  and  parallel  in  their  course, 
though  they  show  a  slight  tendency  to  a  sigmoidal  direction, 
curving  a  little  towards  the  apex  in  front,  towards  the  base 
behind,  as  well  as  increasing  progressively  in  obliquity  from 
the  base  onwards.  They  are  closely  tuberculated  along  their 
whole  extent,  and  are  continued  as  lines  of  tubercles  over  the 
lips  of  the  posterior  groove,  in  the  bottom  of  which  they 
converge  and  meet.  In  the  above  described  specimen  the 
groove  is  filled  with  tubercles  as  far  as  the  spine  reaches ; 
but  in  others  the  groove  becomes  bare  of  tubercles  at  a  vari- 
able distance  from  the  closure  of  the  sulcus,  and  only  marked 
by  delicate  longitudinal  striae,  while  in  one  I  find  it  devoid 
of  tubercles  along  its  whole  extent.  In  some  too,  before  the 
truncation  of  the  apex  occurs,  the  gyrating  ridges  tend  to  lose 
their  close  tuberculation,  at  least  posteriorly,  and  to  become 
only  distantly  nodulose  or  even  quite  plain. 

Putting  the  wearing  of  the  tips  altogether  aside  as  a  secon- 
dary question,  the  striking  want  of  bilateral  symmetry  in 
these  spines,  together  with  their  occurrence  in  "  rights  and 

*  Geol.  Mag.,  dec.  ii.,  voL  ix.  (1882),  p.  642. 
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lefts,"  amply  justifies  the  opinion  of  Messrs  Kirkby,  Atthey, 
and  Hancock  that  they  were  pectoral  or  at  least  paired  appen- 
dages. Which  are  the  right  and  which  the  left  spines,  it  is, 
however,  at  present  not  very  easy  to  determine.  Accepting 
the  sulcated  aspect  as  posterior,  it  would  be  necessary  to 
ascertain  whether  the  flat  or  the  gibbous  side  was  superior  in 
order  to  indicate  to  which  side  of  the  fish  it  belonged. 

Now,  turning  to  the  spines  labelled  "  dorsal "  in  the  same 
collection,  we  find  that  they  are  smaller  in  size,  varying  in 
length  from  4J  to  10^  inches,  and  almost  all  lying  laterally 
compressed  on  pieces  of  shale.  In  this  way  the  lateral  cur- 
vature is  obscured,  though  in  one,  also  marked  "dorsal,"  which 
happens  to  be  only  obliquely  placed  on  its  matrix,  this 
curvature  is  quite  obvious.  Furthermore,  all  of  them  show 
in  other  respects  the  same  want  of  lateral  symmetry  which 
I  have  just  described  in  those  acknowledged  to  be  pectoral, 
namely,  the  possession  of  a  flat  and  of  an  inflated  and  grooved 
side ;  in  fact  they  are  rendered  still  more  asymmetrical  than 
the  large  truncated  spines  by  the  much  greater  prominence 
and  sharpness  of  the  posterior  marginal  keel,  which  we  have 
seen  is  morphologically  a  lateral  structure  in  the  general  plan 
of  the  spines.  This  keel  is  also  furnished  with  a  row  of  small 
closely-set  recurved  denticles.  The  gyrating  ridges  become 
very  oblique  towards  the  point,  and  tend  to  become  plain  or 
only  distantly  nodulose,  except  perhaps  on  the  front  of  the 
spine.  On  the  flat  side  a  space  bare  of  ridges  runs  down  from 
the  point  along  the  posterior  margin  for  about  1 J  inch,  and 
an  analogous  appearance  is  also  observable  on  the  grooved 
side.  The  groove  itself  is  smooth  and  marked  with  delicate 
longitudinal  striae ;  and,  as  Messrs  Hancock  and  Atthey  have 
already  noted,  the  point  is  much  compressed  laterally.^ 

If  we  next  compare  the  proximal  or  basal  end  of  one  of  the 
largest  of  these  supposed  dorsal  spines  with  the  distal  extre- 

^  These  young  spines  of  O.  Merculatus  bear  an  extreme  resemblance  to  the 
figure  of  G.  denticulattcs  (Davis),  in  Ann.  &  Mag.  Nat.  Hist.  (5),  vi.,  1880,  p. 
373, '.being  similar  in  shape,  in  the  characters  of  the  gyrating  ridges,  and  the 
denticulation  of  the  posterior  margin,  while  the  same  bare  space  runs  down 
for  a  little  distance  from  the  point.  Mr  Davis,  however,  states  that  his  spine 
has  two  rows  of  denticles  posteriorly. 
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mity  of  one  of  the  least  worn  of  those  labelled  "  pectoral,"  we 
find  a  mutual  approximation  in  character;  and,  further,  if 
we  compare  both  with  an  aUied  species,  G.  iwhilis  (Traq.), 
from  the  Edinburgh  district,  pretty  large  specimens  of  which 
sometimes  occur  with  the  points  very  slightly  worn  indeed, 
the  whole  matter  is  cleared  up.  I  have  now  no  longer  any 
doubt  that  the  spines  of  Gyracanthus  tuherculatus,  sup- 
posed by  Messrs  Hancock  and  Atthey  to  be  "dorsal,"  are 
simply  young  specimens  of  the  very  same  spines  classed  by 
them  as  "pectoral,"  and  represent  the  distal  portions  or 
extremities,  which  in  the  adult  spines  have  been  lost  by 
attrition.  These  spines  increased  by  progressive  growth  at 
the  base,  and  as  they  grew,  progressive  differences  in  sculpture, 
amount  of  lateral  compression,  and  so  on  manifested  them- 
selves ;  so  that  the  young  spine  is  not  a  miniature  of  the  old 
one,  but  represents  only  a  distally  situated  portion  of  it, 
greater  or  less  as  the  case  may  be.  And  in  the  case  of  the 
Newsham  specimens  of  GyracantMcs  tuberculatus,  I  may 
mention,  as  a  final  and  convincing  proof,  that,  although 
Messrs  Hancock  and  Atthey  state  that  in  the  spines  supposed 
by  them  to  be  dorsal  the  pointed  extremities  "are  all  perfect, 
not  being  in  the  least  worn,"  I  find  in  one  so  labelled,  a 
specimen  11  inches  in  length,  very  distinct  wearing  already 
in  progress  just  in  front  of  the  tip. 

Although  Messrs  Hancock  and  Atthey*s  dorsal  spines  of 
Gyracanthus  are  certainly  not  so,  and  although,  since  my 
attention  was  directed  to  the  subject,  I  have  not  been  able  to 
find  in  any  collection,  public  or  private,  spines  of  this  genus 
to  which  I  could  assign  a  median  position,  and  am  conse- 
quently inclined  to  doubt  the  presence  of  dorsal  spines  alto- 
gether, I  do  not  mean  to  affirm  that  the  subject  is  thereby 
closed.  Further  investigation  is  necessary  into  the  Irish 
Lower  Carboniferous  G.  oUiquus  of  M'Coy,^  and  into  two 
American  species  named  G,  compressus^  and  G,  Alleni^  by 
Prof.  Newberry,  the  published  figures  of  which  do  not  indicate 


^  Palaeozoic  Fossils,  p.  629,  pi.  iii.  k,  figs.  13,  14. 

2  Pal.  Ohio,  vol.  i.,  p.  330,  pi.  xxxvii.,  figs.  1,  2. 

3  Ihid.y  p.  331,  pi.  xxxvii.,  fig.  3. 


Bt  Traquair  on  the  Gemis  Gjrracanthus  (Affossiz),      97 

a  want  of  lateral  symmetry.  M'Coy  gives  an  outline  of  the 
transverse  section  of  G,  obliquus  from  a  position  considerably 
proximal  to  the  point,  in  which  the  two  sides  with  the  posterior 
area  seem  as  symmetrical  as  in  Gtenacanthus.  In  such  a 
spine  it  would  be  well  to  examine  the  extreme  point.  There 
is  in  the  collection  of  the  Geological  Survey  of  Scotland  a 
rather  young  spine  from  the  Liddesdale  beds,  which  I  am 
inclined  to  refer  to  Q.  obliquus,  and  in  it  near  the  tip,  the 
transverse  section  has  a  form  much  resembling  in  general 
characters  that  in  McCoy's  figure ;  but  one  margin  of  the 
groove  is  nevertheless  a  little  more  prominent  than  the  other. 
It  is  to  be  hoped  that  American  palseichthyologists  will  care- 
fuUy  examine  the  spines  of  Gyracanthus  occurring  in  their 
country  with  special  reference  to  the  present  question. 

2.  The  supposed  Carpal  Bones  0/ Gyracanthus. 

Of  constant  occurrence  in  the  same  beds  with  Gyracanthus- 
spines,  and  often  found  closely  associated  with  them  on  the 
same  slabs  of  stone,  are  certain  peculiar  bones,  first  noticed  by 
Messrs  Hancock  and  Atthey,  and  by  them  interpreted  as 
"carpal"  bones.  These  occur  of  two  forms  or  shapes,  the 
first  of  which  was  described  by  the  above-named  authors  in 
1868.^  It  is  a  flat  triangular  bone,  with  a  thick  apex  oppo- 
site to  a  thin  base ;  and  two  other  sides,  one  of  which,  the 
longer,  is  slightly  convex,  the  other,  or  shorter,  being 
straight  or  slightly  concave:  of  the  two  surfaces  one  is 
slightly  convex,  the  other  slightly  concave  in  general  contour. 
Of  these  Messrs  Hancock  and  Atthey  say,  "  Their  structure 
is  very  open ;  and  as  they  are  seldom  well  preserved,  they 
are  probably  only  imperfectly  ossified;  the  bony  fibre  radiates 
from  the  apex  to  the  expanded  base.  There  can  be  little 
doubt  that  these  are  carpal  bones  similar  to  those  in  con- 
nexion with  the  pectoral  fins  in  sharks  and  dog-fishes." 

The  second  form  is  briefly  noticed  by  the  same  authors  in 
another  communication  published  four  years  later,  and  its 
form  is  described  as  follows : — "  This  second  form  is  probably 
the  inner  carpal;  it  is  a  broad  flat  bone  irregularly  bilobed  or 

1  Ann.  &  Mag.  Nat.  Hist.,  ser.  4,  1868,  vol.  i.,  p.  369. 
VOL.  VIU.  G 
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somewhat  reniform,  with  one  of  the  lobes  produced  and  the 
external  margin  straightened;  the  convex  border  is  a  little 
flattened,  angulated,  and  thickened,  thence  the  bony  fibres 
radiate  to  the  opposite  or  lobed  margin.  .  .  .  The  texture 
of  the  bone  is  quite  similar  to  that  of  the  large  triangular 
carpal,  namely,  it  is  of  a  semicartilaginous  appearance,  with 
coarse  radiating  fibres  extending  from  margin  to  mafgin."  ^ 

In  other  passages  Messrs  Hancock  and  Atthey  clearly 
indicate  that  they  considered  the  thin  margin,  in  both  forms, 
to  be  distal,  and  the  apex,  or  point  from  which  the  "  bony 
fibres  "  radiate,  to  be  proximal  in  original  position. 

Before  making  any  critical  remarks  on  the  above  determi- 
nation of  the  bones  in  question,  it  is  necessary  to  fix  accu- 
rately to  what  elements  of  the  Selachian  skeleton  Messrs 
Hancock  and  Atthey  compare  them. 

The  term  "  carpal "  is  not  used  by  anatomists  of  the 
modem  school  to  denote  any  part  of  the  skeleton  of  the  fore 
Kmb  in  fishes ;  but  on  turning  to  Prof.  Owen's  "  Compara- 
tive Anatomy  of  the  Vertebrata,"  vol.  i.,  p.  168,  Fig.  104,  we 
find  the  three  basil  cartilages  of  the  pectoral  fin  of  the  picked 
dogfish  so  designated.  Two  of  these,  the  mesopterygium  and 
metapterygium  of  Gegenbaur,  are  triangular,  with  their  apices 
directed  towards  the  shoulder- girdle,  while  the  third  ot  jpro- 
'pterygium  has  an  oblong  shape,  faintly  reminding  us  of  the 
second  form  of  so-called  carpal  of  Gyracanthus.  There  can 
thus  be  no  doubt  that  these  basal  cartilages,  which,  in  the 
skeleton  of  the  recent  shark,  intervene  between  the  shoulder- 
girdle  and  the  radial  cartilages,  or  cartilaginous  fin-rays,  are 
the  elements  which  Messrs  Hancock  and  Atthey  meant  by 
the  term  carpal.  And  the  question  is  simply  this,  is  it  likely 
that  the  process  of  calcification  in  such  cartilages  would  give 
rise  to  bodies  like  the  peculiar  bones  so  often  found  asso- 
ciated with  the  spines  of  Gyracanthus  ?  Or  can  any  better 
explanation  of  their  nature  be  suggested  ? 

One  point  in  their  external  configuration  was  not  noticed 
by  Messrs  Hancock  and  Atthey,  namely,  that  these  bodies 
were  hollow,  and  that  their  extreme  flatness  is  due  to  the 
crushing  together  of  the  thin  walls  of  the  internal  cavity.     If 

^  Ann.  &  Mag.  Nat.  Hist,  ser.  4,  1872,  vol.  ix.,  pp.  260,  261. 
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we  take  first  one  of  the  triangular  series,  it  may  easily  be  seen 
that  the  two  walls,  or  laminae  of  which  the  bone  is  composed, 
are  united  at  the  apex  and  along  the  two  thick  sides  which 
meet  at  the  apex,  but  that  they  are  separate  at  the  thin  base, 
at  which  accordingly  the  cavity  was  open.  It  may  also  be 
seen  that  the  edges  of  the  basal  opening  do  not  coincide,  as 
careful  development  of  these  edges  shows  that  the  one  on  the 
convex  side  of  the  bone  is  indented  by  a  large  angidar  notch 
or  sinus,  which  runs  up  for  some  distance  in  the  direction  of 
the  apex;  this  appearance  I  have  seen  in  every  case  in  which 
I  have  looked  for  it.  The  internal  cavity  is  at  once  distin- 
guishable, filled  with  matrix,  when  a  specimen  is  broken  or 
cut  across.  I  have  equally  assured  myself  of  the  hollow 
character  of  the  bones  of  the  second  series. 

If  we  now  look  at  the  texture  of  these  bodies  we  shall  be 
at  a  loss  to  explain  the  expressions  "  imperfectly  ossified " 
and  "  semicartilaginous,"  used  by  Messrs  Hancock  and 
Atthey  in  the  passages  ah»eady  quoted.  On  examining  the 
surface  with  a  lens  its  apparent  fibrous  aspect  is  seen  to  be 
due  to  its  being  closely  covered  with  minute  grooves  inter- 
spersed with  small  openings,  these  markings  being  clearly 
vascular  in  their  nature  and  of  the  same  essential  character 
as  those  on  the  inserted  portion  of  a  Selachian  spine,  only  not 
so  regularly  parallel  as  is  usually  the  case  in  the  latter.  On 
making  microscopic  sections,  transverse  and  longitudinal, 
through  the  substance  of  the  supposed  "  carpal  bone,"  it  is 
found  to  be  completely  traversed  by  a  close  network  of 
vascular  or  Haversian  canals,  the  canals  in  some  parts  en- 
larging so  as  to  give  a  rather  more  open  character  to  the 
tissue  than  is  found  in  the  internal  part  of  a  Oyracanthus- 
spine  itself,  while  the  ground-substance,  hard  and  calcareous, 
is  permeated  by  minute  branching  and  anastomosing  tubules, 
which  are  frequently  seen  to  radiate  from  the  vascular  canals. 
This  is  not,  however,  the  structure  which  Selachian  cartilage 
assumes  when  calcified  or  "ossified";^  on  the  contrary,  if 
the  tissue  be  not  vascular  dentine,  it  is  certainly  very  like  it. 

^  For  an  account  of  the  structure  of  calcified  Selachian  cartilage,  see 
Williamson  on  the  "Structure  and  Development  of  the  Scales  and  Bones  of 
Fishes"  (Phil.  Trans.,  1861). 
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I  am  therefore  of  opinion,  that  the  bodies  in  question  have 
nothing  to  do  with  "  carpal  bones,"  or  with  the  endoskeleton 
of  a  shark  at  all,  but  that  they  were,  on  the  other  hand, 
dermal  appendages,  which  may  probably  enough  have  been 
situated  in  the  neighbourhood  of  the  pectoral  fin,  the  thin  or 
open  side  being  proximal  and  the  apex  distal.  The  want  of 
enamel,  or  of  sculpture  on  any  part  of  the  surface,  shows 
that  they  must  have  been  covered  with  a  thin  layer  of  skin. 
Their  frequent  occurrence  in  close  relation  to  the  spines  of 
Oyracanthus  renders  it,  indeed,  highly  probable  that  they 
belong  to  the  same  fish. 

I  hope,  on  a  future  occasion,  to  enter  more  minutely  into 
the  microscopic  structure,  both  of  these  bodies,  and  of  the 
Oyracanthus-Q^m^^  themselves. 

3.  On  two  new  Species  of  Oyracanthus. 

In  the  Geological  Magazine  for  last  month  (Nov.  1883) 
I  have  given  brief  diagnoses  of  two  new  species  of  this  genus 
from  the  Carboniferous  Limestone  series  of  Scotland,  concern- 
ing which  I  propose,  in  the  present  communication,  to  enter 
a  little  more  into  detail. 

Gyracanthus  nobilis — Traquair. 

Gyracanthustuherculatm  {Tr&q.),  Geol.  Mag.,  dec.  ii.,  vol.  viii.,  1881,  p.  34. 
Oyracanthus  nobilis  (Traq.),  Ibid.,  dec.  ii.,  vol.  x.,  1883,  p.  542. 

The  spines  which  I  have  named  Gyracanthus  noUlis  are  of 
common  occurrence  in  the  ironstone  worked  at  Borough  Lee, 
near  Edinburgh,  belonging  to  the  Middle  Carboniferous  Lime- 
stone series  of  Central  Scotland ;  and  I  have  also  seen  a  frag- 
ment from  a  similar  horizon  at  Cowdenbeath,  in  Fifeshire. 
At  first  I  confounded  them  with  G,  tuherculatus  (Ag.),  but  the 
accession  of  more  extensive  material,  along  with  a  closer  in- 
vestigation of  the  subject,  soon  convinced  me  of  their  specific 
distinctness. 

Gyracanthus  noUlis  attains  a  large  size.  One  spine  in  my 
own  collection,  wanting  a  small  portion  of  the  base,  but  having 
its  extreme  point  preserved,  measures  21  inches ;  had  it  been 
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entire,  its  length  could  not  have  been  less  than  2  feet. 
Another,  wanting  the  point,  must  have  been  about  the  same 
size ;  and  fragments  are  not  uncommon  which  indicate  still 
greater  dimensions.  The  general  form  is  elongated  and 
slender,  the  breadth  increasing  more  rapidly  towards  the  base 
in  adult  specimens.  They  are  very  variable  in  respect  of 
curvature :  in  some  both  antero-posterior  and  lateral  curves 
are  well  marked ;  in  others  the  lateral  bend  is  only  slight  or 
hardly  perceptible;  and  I  have  one  which  appears  almost 
perfectly  straight  in  doth  directions.  Every  one  of  them, 
without  exception,  is  nevertheless  asymmetrical  as  regards 
those  special  points  of  configuration  upon  which  I  have 
dwelt  in  connection  with  G,  tuberculatus,  and,  as  in  that 
species,  they  may  be  arranged  in  pairs. 

In  the  form  of  the  non-sculptured  inserted  part,  with  its 
posterior  sulcus,  and  in  the  general  configuration  of  the  spine 
as  seen  in  transverse  sections,  G.  nobilis  closely  resembles  G, 
tuherculatus.  The  posterior  marginal  keel  is  in  its  distal 
portion  strongly  denticulated ;  in  one  specimen  the  denticles 
may  be  traced,  from  the  point,  a  distance  of  10  inches  in  the 
direction  of  the  base.  The  posterior  groove  varies  much  in 
its  degree  of  sharpness;  in  some  it  is  very  shallow  and 
slightly  marked  till  towards  the  point,  while  in  others  it  is 
very  well  defined  along  its  whole  extent.  In  adult  specimens 
continuations  of  the  gyrating  ridges  usually  encroach  upon  it 
at  its  commencement ;  but  the  salient  point  in  this  species 
lies  in  the  disposition  and  mode  of  tuberculation  of  these 
ridges.  At  the  proximal  end  of  the  spine,  in  adult  examples, 
they  are  disposed  much  as  in  G,  tuberculatvs,  meet  each  other 
anteriorly  at  much  the  same  angle,  and  are  closely  tubercu- 
lated  along  their  whole  extent.  But  near  the  closure  of  the 
sulcus  this  close  tuberculation  becomes  limited  to  the  anterior 
aspect,  each  ridge  as  it  arises  and  advances  forward  showing 
first  a  comparatively  distant  tuberculation,  then  a  smooth 
space  (sometimes  very  minutely  crenulated)  on  the  side  of  the 
spine,  and  finally  becoming  thick  and  coarsely  tuberculated 
as  it  turns  round  to  the  front.  Where  this  feature  of  the 
ridges  commences  they  also  become  excessively  ohlique  and  very 
delicate,  and  in  some  specimens  they  also  occasionally  bifur- 
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cate  along  the  sides  of  the  spine ;  but  in  front,  where  the 
tuberculation  appears,  they  become  coarse  and  curve  a  little 
forward,  so  as  to  become  less  oblique,  and  in  many  cases  they 
turn  slightly  again  towards  the  point  just  before  meeting  those 
of  the  opposite  side.  Towards  the  extremity  the  ridges 
become  entirely  smooth  on  the  sides  of  the  spine,  their  slight 
curvature  also  ceases,  and  the  tuberculation  of  the  anterior 
aspect  gives  way  to  simple  undulation.  The  point,  even 
where  it  is  not  positively  truncated  by  attrition,  looks  smooth 
and  rubbed. 

Gyracanthus  nobUis  may  easily  be  distinguished  from  both 
G,  formosus  and  G.  tuherculatus  (probably  only  varieties  of  one 
common  species)  by  the  direction  of  the  gyrating  ridges.  In 
the  latter  forms  these  ridges  are  disposed  in  a  pretty  straight 
and  parallel  fashion  over  the  sides  of  the  spine,  although  they 
do  increase  in  obliquity  towards  the  apex.  Here,  however, 
their  excessive  obliquity  and  delicacy  along  the  sides,  after  the 
closure  of  the  sulcus,  give  the  sculpture  a  peculiar  aspect 
which  cannot  be  mistaken.  The  tuberculation  of  the  ridges 
is  in  general  coarser  than  in  G.  tuberculatiis,  and,  in  the 
latter,  it  is  only  pretty  well  towards  the  apex  that  the  ridges 
tend  proximately  to  become  plain,  or  only  distantly  nodulose. 
Of  course,  as  regards  the  disposition  of  tuberculation,  this  new 
species  differs  still  more  from  G.  formosus,  in  which  the  ridges 
from  the  very  base  tend  to  be  plain  in  front. 

Adult  specimens  of  G.  tuberculatus  show  invariably,  so  far 
as  I  have  observed,  a  strongly-marked  lateral  curvature ;  in 
(?.  nobilis,  as  we  have  seen,  its  presence  and  amount  is  very 
variable. 

The  course  of  the  ridges,  the  disposition  of  the  tubercula- 
tion, and  the  form  of  the  transverse  section  equally  distinguish 
it  from  G.  obliquus  of  M'Coy,  and  it  is  certainly  not  G.  den- 
ticulatus  of  Davies.  Nor  can  it  be  shown  to  be  identifiable 
with  any  of  the  North  American  species  named  by  Professor 
Newberry  and  Dr  Dawson. 

There  only  remains  the  G.  alnwicensis  of  Agassiz,  which 
is  recorded  from  a  somewhat  similar  horizon,  viz.,  the  Car- 
boniferous Limestone  series  of  Alnwick,  in  Northumberland. 
This  is  very  briefly  mentioned  by  Agassiz  as  being  slender  in 
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form^  with  very  oblique  and  entirely  smooth  or  non-tubercu- 
lated  ridges^  which  ridges  also  bifurcate,  and  even  trifurcate, 
in  a  very  remarkable  manner,  as  shown  in  the  figure.  If  this 
description  is  correct,  ^  G.  nobilis  is  even  more  distinct  from 
G.  olnnviceTms  than  from  any  other. 

One  remarkable  feature  in  these  spines  as  occurring  at 
Borough  Lee  is  the  small  amount  of  apical  wearing  to  which 
they  have  for  the  most  part  been  subjected.  Even  the 
extreme  point,  only  a  little  blunted  and  polished,  is  some- 
times present  in  large  specimens,  and  in  many  others  com- 
paratively little  of  the  extremity  has  been  lost  by  that 
process  which  has  reduced  some  of  the  large  GyracanthicS' 
spines  from  Northumberland  and  Staffordshire  to  mere 
stumps.  It  has  been  noted  that  this  wearing  process  has 
obliquely  truncated  the  Northumbrian  specimens  in  their 
anterior  aspect ;  but  in  those  from  Borough  Lee  evidence  of 
wearing  is  sometimes  found  on  the  posterior  aspect  as  well. 
These  circumstances  would  lead  us  to  infer  some  difference 
either  in  the  habitat  or  the  habits  of  the  species  in  question. 

Gyracanthtis  Youngii — ^Traquair. 

GyracarUhvs  Youngii  (Traq.),  Geol.  Mag.,  dec.  ii.,  vol.  x.,  1883,  p.  543. 

Occurring  also  at  Borough  Lee,  but  found  likewise  in  many 
other  localities  on  the  horizon  of  the  Scottish  "  Edge  "  Coal 
or  Middle  Carboniferous  Limestone  series,  is  a  remarkably 
distinct  species  of  Gyracanthus,  to  which  I  have  given  the 
name  G,  Youngii,  in  honour  of  my  friend  Mr  John  Young, 
of  the  Hunterian  Museum,  Glasgow,  who  has  done  so  much 
for  the  elucidation  of  the  palaeontology  of  the  west  of  Scot- 
land. The  finest  specimens  I  have  seen  are  in  the  collection 
of  Mr  E.  Craig,  Beath,  Ayrshire,  and  are  from  the  shale  over- 
lying the  Clay-band  Ironstone  at  Barkip,  Dairy.      I  have 

^  Possibly  it  is  not,  as  Agassiz  never  saw  the  specimen,  but  drew  up 
his  description  from  a  drawing  sent  to  him  by  Messrs  Buckland  and  De 
la  Beche.  As  reproduced  in  the  plate  in  the  "  Poissons  fossiles,"  this  drawing 
looks  like  a  very  hurriedly  executed  pen-and-ink  sketch,  from  which  it  is 
quite  impossible  to  identify  anything.  Under  these  circumstances  I  doubt 
whether  the  term  **alnwicensis  "  has  any  more  value  than  a  mere  manuscript 
name. 
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also  seen  specimens  from  Bo'ness  in  Linlithgowshire  (collec- 
tion of  Mr  H.  M.  Cadell),  Possil  in  Lanarkshire  (collection  of 
Mr  John  Young),  Cowdenbeath  in  Fife,  and  MaryhHl  near 
Glasgow. 

These  are  large  spines,  some  of  which  must  have  attained 
a  length  of  over  2  feet,  had  not  their  apices  been  worn  off. 
They  always  show  some  amount  of  lateral  curvature ;  but  the 
degree  to  which  they  are  antero-posteriorly  bent  is  very 
variable;  some  are  indeed  in  that  direction  nearly  quite 
straight. 

The  first  salient  point  which  strikes  the  eye  is  the  great 
size  of  the  inserted  or  non-sculptured  portion,  which  is  not 
only  broader  and  more  expanded,  but  extends  further  beyond 
the  sculptured  part  proximally  than  in  any  other  species. 
The  anterior  middle  line  on  which  the  gyrating  ridges  meet 
does  not  cut  equally  the  very  acute  angle  formed  proximally 
by  the  sculptured  part ;  but  in  this  case  the  larger  division 
is  found  on  the  subgibbous  side,  this  being  due  to  the 
encroachment  of  the  non-sculptured  part  on  the  gibbous 
side.  It  is  next  to  be  noticed  that  the  shaft  of  the  spine 
after  the  closure  of  the  sulcus  is  more  cylindrical  than  in 
other  species ;  still  the  want  of  bilateral  symmetry  is  very 
obvious,  and  a  gibbous  and  subgibbous  side  may  be  dis- 
tinguished. The  posterior  groove  is  sometimes  not  apparent 
for  some  distance  after  the  closure  of  the  sulcus,  or,  though 
indicated,  it  may  be  filled  with  tubercles ;  sooner  or  later  it 
becomes  well  marked,  and  the  lip  on  the  subgibbous  side 
becomes  more  prominent  than  the  other,  but  does  not  form  so 
marked  a  feature  in  the  configuration  of  the  spine  as  the 
corresponding  posterior  marginal  keel  in  such  species  as  G, 
tuberculatus  and  owbilis;  it  is  in  fact  only  towards  the 
extremity  that  the  spine  takes  on  a  keeled  appearance.  A 
well-marked  row  of  recurved  denticles  occurs  along  the 
aforesaid  lip  or  ridge  of  the  posterior  groove  on  the  subgibbous 
side,  and  on  that  of  the  opposite  side  denticles  are  also  seen 
in  some  examples.  The  last  remarkable  feature  in  this 
species  is  the  sKght  obliquity  of  the  gyrating  ridges,  which 
meet  each  other  on  the  front  of  the  spine  at  angles  greater 
than  right  angles  almost  as  far  as  the  very  apex.      These 
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ridges  are  also  rather  less  oblique  on  the  subgibbous  than  on 
the  gibbons  side ;  on  the  former  they  are  in  fact  sometimes 
nearly  transverse ;  a  certain  amount  of  sigmoidal  curvature 
is  assumed  after  the  middle  of  the  spine,  the  anterior 
extremities  of  the  ridge  turning  slightly  towards  the  apex, 
their  posterior  extremities  towards  the  base.  Only  towards 
the  apex  have  the  ridges  any  marked  obliquity  in  their 
middle  portions,  and  there  they  often  also  become  wavy.  The 
gyrating  ridges  are  closely  tuberculated  over  their  whole 
extent,  except  towards  the  apex,  where  the  tuberculation 
tends  to  become  irregular.  The  amount  of  apical  wearing  is 
very  variable. 


VII.  On  the  Occu/rrence  of  the  Little  Gull  (Larus  minutus)  in 
the  Island  of  North  Uist ;  with  Remarks  on  the  Objects  of 
the  International  Ornithologists*  Congress  at  Vienna,  and 
on  Uniformity  of  Method  in  recording  Bare  Species  in 
future.  By  John  A.  Harvie-Brown,  Esq.,  F.RS.E., 
F.Z.S.,  President. 

(Read  19th  December  1883.) 

This  rare  British  bird  was  shot  upon  the  1st  of  November 
last,  by  Mr  John  Macdonald,  Sir  John  Campbell  Orde's  factor 
at  Newton,  North  Uist.  It  was  seen  on  the  island  of  Bernera, 
Sound  of  Harris,  the  day  before,  and  when  shot  in  North 
Uist  it  was  found  to  have  one  foot  awanting. 

The  above  are  all  the  particulars  I  have  been  able  to 
obtain  regarding  this  specimen,  which  is  evidently  a  young 
bird  of  the  year,  probably  bred  on  the  Eussian  lakes  this 
past  summer.  It  is  obligingly  lent  for  exhibition  by  Mr  J. 
D.  Dougal,  gunmaker,  Glasgow,  to  whom  it  had  been  sent 
for  preservation,  and  to  whom  the  Society's  thanks  are  due 
for  this  opportunity  of  exhibition. 

From  already  published  accounts  of  the  distribution  of  the 
species  (vide  Dresser's  "  Birds  of  Europe ")  it  would  appear 
that  its  usual  lines  of  migration  are  as  follows:  Prior  to  1866, 
very  rare  in  Britain,  though  several  obtained  on  the  Nor- 
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thumberland  coast,  and  seen  on  Fame  Islands.  In  1866, 
several  obtained  on  the  Yorkshire  coast.  In  1868,  Mr  J.  H. 
Gumey,  jun.,  obtained  eight,  also  from  the  Yorkshire  coast 
Before  1870,  most  had  occurred  in  October  and  November. 
In  Scotland,  of  very  rare  occurrence.  Localities — East  Lothian, 
Wigtownshire,  and  Sutherlandshire  since  added.  Formerly 
bred  in  Gottland,  now  extinct  there ;  occasional  in  Denmark ; 
and  has  occurred  in  Heligoland.  Eastern  in  its  range  as  far 
as  Europe  is  concerned ;  only  occasionally  occurring  on  the 
Baltic  and  at  the  mouths  of  rivers  in  Germany  during 
migration.  Also  included  in  a  list  of  Livonian  birds.  Occa- 
sionally visits  the  Swiss  lakes.  Of  rare  occurrence  in  Hol- 
land, but  small  flocks  at  intervals  observed  on  the  coasts.  A 
few  pairs  have  been  known  to  breed  on  the  "  Hook  of  Hol- 
land." Very  uncertain  in  Flanders;  a  few  killed  at  the 
mouth  of  the  Scheldt  and  in  the  south  of  France.  Not 
recorded  from  Spain.  Common  on  the  south  coast  of  Sicily, 
and  appears  in  spring  on  the  Tiber.  Common  in  the  Bay  of 
Catania.  Some  years  plentiful  in  Malta.  Accidentally  in 
Algeria.  Common  in  winter  in  the  Ionian  Islands.  Nume- 
rous in  Greece  and  Macedonia  in  spring.  Breeds  in  Ladoga 
and  Onega  Lakes  in  Eussia,  and  in  the  salt  lakes  of  the  south 
of  Eussia;  and  eastward  to  the  Lena  (Meddendorfif).  It  was 
searched  for  in  vain  by  Wolley  in  Oland  in  1856.  Said  to 
have  bred  as  far  north  as  Archangel  (Meves).  Occurs  in 
Transylvania  in  late  spring. 

From  the  above  notes  it  would  appear  that  the  North  Uist 
specimen  is  the  farthest  westerly  record  in  Europe  of  the 
species.  The  Sutherland  specimen  is  the  most  northerly  in 
Britain,  and  the  Wigtownshire  one  the  most  southerly  in 
Scotland,  the  East  Lothian  and  Berwickshire  specimens  being 
nearest  to  the  northern  verge  of  the  migration  of  many  con- 
tinental species,  which  appears  to  be  from  Heligoland  towards 
the  entrance  of  the  Firth  of  Forth  or  reaching  as  far  north  as 
Bell  Eock  and  the  Firth  of  Tay.  Another  route  of  migration 
is  through  the  Pentland  Firth,  and  while  the  Wigtownshire 
bird  probably  came  vid^  Heligoland  and  Firths  of  Forth  and 
Clyde,  this  North  Uist  bird  almost  as  certainly  came  vicb  the 
Pentland  Firth,  and  landed  on  the  first  likely-looking  feeding 
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ground  it  met  with  on  its  course  (vide  "  Migration  Eeports, 
Greneral  Eemarks,  especially  1882,"  pp.  53,  63,  69). 

I  have,  I  think,  before  this  made  the  remark  that  in  the 
event  of  any  Ornithologist  or  sportsman  shooting  specimens 
and  recording  the  occurrences  of  rare  species  of  birds  upon 
our  coasts,  or  in  any  of  our  British  Counties,  not  only  should 
the  date  and  locality  of  the  specimens  be  carefully  recorded 
and  the  latter  described,  but  also — and  this,  now-a-days,  is 
really  the  most  important  item  in  the  connection — the  state 
of  the  weather  for  the  two  or  three  or  more  days  previous 
to  its  first  appearance,  and  at  the  time  of  its  capture,  the  force 
and  direction  of  the  wind — if  possible  both  upper  and  lower 
currents — and  the  state  of  the  birds'  health,  whether  starved 
and  thin,  or  plump  and  in  good  condition.  The  items  could 
easily  be  noticed  at  the  time,  and  if  recorded  would,  before 
long,  accumulate  and  greatly  assist  students  of  migration. 
Another  point  is  that,  when  birds  are  so  observed,  it  should 
be  noted  whether  they  appear  to  be  pursuing  a  migration  at 
the  time,  or  whether  they  are  resting  or  feeding,  and  whether 
solitary  or  in  a  flock ;  and  the  direction  of  flight,  if  actually 
on  migration,  should  be  carefully  recorded,  and  also  the  age 
and  sex  of  the  specimens  obtained. 

I  would  like  to  impress  the  importance  of  recording  these 
data  upon  our  British  Ornithologists,  and  others  who  obtain 
or  record  rarities  in  future.  If  such  records  had  been  kept, 
say  since  1843  (the  date  of  the  publication  of  the  1st  volume 
of  the  "Zoologist"),  what  an  immense  mass  of  really  valuable 
matter  would  have  been  accumulated  in  the  forty-two  volumes 
of  that  periodical  alone,  not  to  speak  of  others  of  our  Scientific 
Serials  and  Proceedings  of  Scientific  Societies.  I  believe  it 
would  not  be  too  much  to  say,  that  had  this  been  done,  and 
pursued  upon  an  uniform  and  scientifically  correct  basis,  the 
great  mystery  of  migration  would  have  been  solved  long  ago. 
If,  owing  to  want  of  experience  hitherto,  we  have  failed  to 
record  the  most  important  points  in  connection  with  the 
occurrences  of  rare  birds,  at  least  let  us  not  in  future  fail  in 
this  respect ;  and  let  any  one  who  has  a  rare  bird  or  butterfly 
or  other  insect  foreign  to  our  British  Fauna  to  record,  never 
after  this  forget  that  the  record  is  imperfect  unless  accom- 
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panied  by  these  particulars,  so  far  as  available;  and  of 
course  the  more  minute  and  perfect  these  are,  the  better, 
and  the  sooner  will  they  be  likely  to  prove  of  scientific 
value. 

Now,  in  order  in  some  measure  to  supply  the  omission  in 
the  above  record  of  the  Little  Gull,  I  have  referred  to  our 
migration  schedules  for  1883. 

At  Dhuheartach  on  29th  October  the  wind  was  S.S.W. 
with  haze,  and  wild  geese  were  seen  flying  S.E.,  while 
stonechats  and  thrushes  were  flpng  round  the  lantern  at  5 
a.m.,  or  resting  on  the  rocks  at  12  noon. 

On  the  31st  October  the  wind  had  gone  round  to  KN.W., 
fresh  with  haze,  when  one  woodcock — the  first  mentioned  on 
the  schedule  since  8th  April — was  killed  by  striking  the 
lantern ;  and  a  blackbird  was  seen  "  flying  E."  This  is  the 
latest  scheduled  record  I  have  at  present  from  this  locality. 
I  will  merely  remark  here  that  this  "  flying  E "  or  "  flying 
S.E."  is  the  normal  direction  of  flight  at  Dhuheartach  of 
birds  on  migration,  as  abeady  shown  in  our  reports. 

Again,  at  MacArthur's  Head,  Islay,  migration  was  pro- 
ceeding on  the  30th,  and  winds  were  from  W.  to  S.  with  haze. 
On  our  East  Coasts  also  prevailing  winds  were  southerly  and 
westerly,  and  a  great  migration  took  place  at  Isle  of  May 
during  the  last  week  in  October. 

From  these  parallel  data  we  arrive  at  the  conclusion  that 
the  Little  Gull  exhibited  to-night  had  got  into  the  groove  or 
regular  current  of  general  migration  of  other  species,  and 
the  wind  being  that  particularly  favourable  to  migrants  to 
our  coasts,  as  has  been  shown  in  our  reports,  it  carried  on 
with  the  stream.  Being  a  young  bird  of  the  year  upon  its 
first  migration,  and  having  probably  no  older  guide  of  its 
own  species,  or  having  been  lost  previously,  perhaps,  from  a 
flock  of  its  own  species,  it  carried  along  with  the  other 
migrants  beyond  the  usual  limits  of  its  autumnal  range,  and 
then  rested  on  the  sandy  and  marshy  island  of  Bernera  in 
the  Sound  of  Harris,  which,  I  know  from  personal  observa- 
tion, is  the  first  spot  on  that  line  which  is  admirably 
adapted  to  the  habits  of  the  bird  in  question.  It  passed 
southward  to  North  Uist,  because  it  would  not  naturally  fly 
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w^t  over  the  sea,  and,  probably  passing  flocks  of  other 
migrants,  indicated  to  it,  even  in  its  inexperience,  the  correct 
old  lines  of  migration. 

I  have  a  paper  now  in  preparation,  in  which  I  will  much 
more  fully  discuss  and,  I  think,  satisfactorily  prove  some  of 
the  causes  and  reasons  of  migrational  phenomena.  I  have 
said  enough  here,  however,  to  make  the  record  of  this 
specimen  somewhat  more  interesting  than  a  bare  mention  of 
the  fact  of  its  occurrence,  and  I  hope  that  in  future  all  who 
record  rare  occurrences  will  see  the  importance  of  making 
their  records  complete,  on  the  lines  I  have  endeavoured  to 
indicate. 

One  of  the  principal  subjects  for  discussion  at  the  Orni- 
thological Congress,  now  being  held  at  Vienna  under  the 
auspices  of  the  Heir-Apparent  Archduke  Eodolphe,  is,  as 
stated  in  the  programme  of  the  Congress,  the  "  institution  of 
Ornithological  Observation-Stations  extending  throughout 
the  whole  world  inhabited." 

In  North  America,  already  a  large  scheme  has  been  set 
on  foot  for  the  purposes  of  working  out  the  phenomena  of 
migration.  This  is  a  Committee  on  Migration,  under  the 
auspices  of  the  American  Ornithologists'  Union.  All  inter- 
ested in  this  .subject  should  pursue  the  programme  and 
schedules  issued  by  the  said  committee,  and  which  are  pro- 
curable from  Dr  C.  Hart  Merriam,  Locust  Grove,  New  York. 

In  our  own  country,  as  I  think  you  are  aware,  the  British 
Association  appointed  a  committee  in  1880  "  for  the  purpose 
of  obtaining  (with  the  consent  of  the  master  and  brethren  of 
the  Trinity  House,  and  of  the  Commissioners  of  Northern 
Lights)  observations  on  the  Migration  of  Birds  at  Lighthouses 
and  Lightships,  and  of  reporting  upon  the  same  at  York  in 
1881 ; "  of  which  Mr  John  Cordeaux,  Great  Cotes,  Ulceby, 
Lincolnshire,  is  appointed  secretary.  This  committee  has 
been  re-appointed  at  each  meeting  of  the  British  Association 
since  that  date,  and  has  issued  four  reports  for  1879,  1880, 
1881,  and  1882,  and  the  report  for  1883  is  now  in  the  press. 
These  reports  are  obtainable  from  Messrs  West,  Newman, 
and  Co.,  54  Hatton  Garden,  London.  Previous  to  these 
reports  of  the  committee,  Mr  John  Cordeaux  had  published 
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some  accounts  of  the  destruction  of  birds  at  lighthouses,  and 
I  myself  endeavoured  to  collect  land-data  connected  with  the 
effects  of  the  severe  winter  of  1878-79  upon  animal  life 
{Proc.  Nat.  Hist.  Soc,  Glasgow,  1879,  p.  123  et  seq.),  and 
thereafter  I  published  annual  reports  on  Scottish  Ornithology 
{op.  city  1880,  pp.  291  et  seq.,  and  1881,  pp.  41  et  seq.)  up  to 
date  of  April  1881.  After  this  date  I  found  myself  too  busy 
with  other  matters  to  continue  these  land  reports,  as  the 
correspondence  entailed  was  very  heavy,  and  I  reluctantly 
gave  up  what  I  felt  I  could  not  continue  with  justice  to  the 
subject. 

In  Germany  similar  reports  have  been  conducted  by  Dr 
Blasius  for  several  years,  the  title  of  the  last  report  being 
"  VII.  Jahresbericht  (1882)  des  Auschusses  fur  Beobach- 
tungsstationen  der  Vogel  Deutschlands  (Separatabdruck  aus 
Cabanis  Journ.  fur  Ornithologie.    Januar — Heft  1884)." 

I  may  also  mention  in  this  place  that  appHcation  has  been 
made  to  the  British  Association  Migration  Committee  for 
copies  of  their  schedules  and  letters  of  instruction  from 
China  and  Japan  and  from  New  Zealand,  and  that  returns 
come  to  that  committee  also  from  Iceland,  Faroe,  Heligoland, 
and  the  Danish  coast,  as  well  as  several  from  ocean-going 
steamers. 

The  Congress  at  Vienna  will  no  doubt  arrive  at  further 
conclusions,  and  ere  long  there  will  be  a  network  of  ornitho- 
logical observatories  all  over  Europe. 

If  so,  the  subject  of  uniformity  of  record  must  come  to  the 
front  and  be  discussed  also.  I  may  say  I  have  stated  my  views 
pretty  fully  to  Herr  Dr  Gustav  von  Hayek,  Secretary  to  the  In- 
ternational Ornithological  Congress  at  Vienna,  on  these  points, 
both  as  regards  uniformity  of  method  in  working  out  distri- 
bution of  species  and  for  the  purposes  of  recording  migrational 
phenomena,  and  I  will  not  trouble  you  with  all  the  details 
here.  But  regarding  records  of  rare  occurrences  I  would  like 
to  say  just  a  few  words,  and  to  suggest  that  some  such  form 
as  I  give  an  outline  of  here  should  be  adopted  by  this  Society, 
as  well  as  all  others,  to  insure  greater  uniformity  of  record. 
I  have  elsewhere  spoken  more  fully  about  the  working  out 
of  this  method  [v.  "  Zoologist,"  Feb.  1884,  p.  60,  March,  p. 
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109  (J.  E.  Palmer),  and  April  1884,  in  which  laat  I  show 
how  little  fonn-bookB  for  register  could  be  used  with  counter- 
foils, one-half  of  the  sheet  to  be  sent  to  the  printer,  and  the 
other,  in  duplicate,  retained  by  the  recorder — the  latter 
forming,  when  finished,  a  useful  and  permanent  record  of  all 
rare  occurrences  in  any  given  district,  and  always  available  to 
workers  of  the  future]. 

The  following  form  may  be  modified  or  amplified,  but  we 
believe,  from  the  experience  gained  in  five  years'  work  on 
the  Migration  Committee,  that  the  items  here  given  would 
be  sufficient  for  useful  purposes  r — 
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This  ipecunen  of  the  Little  Quil  waa  shot  bj  Mr  John  Macdonoli],  factor 
for  Sir  John  Campbell  Orde,  Bart.,  in.  whou  colledum  it  now  w.  It  ib  a 
yoang  bird  of  the  year,  and  was  the  only  one  obaerred.  It  had  come  from 
the  island  of  Bernera  in  the  Soatid  of  Hiu-ris,  where  it  hiLd  been  seen  the  day 
before.  Wind  aoatherly  and  westerly,  aod  light  for  several  daya  before  and 
on  day  of  capture.  Weather  miaty.  When  it  was  obtained,  it  waa  found  to 
have  one  foot  awaoting.  Bernera  is  a  sandy  island,  with  a  consideisble 
shallow  freah-water  loch,  and  a  stretch  of  fine  sand  below  high  tide  mark. 
It  has  a  considerable  population,  and  is  grazed  by  a  number  of  Highland 
cattle.    The  loch  is  fuU  of  eels. 


In  conclusion,  form-books,  with  leaves  for  single  records, 
would  be  useful  for  records  of  rarities,  whilst  larger  record 
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books  could  be  used  for  daily  observations  of  flocks  or  the 
movements  of  birds  and  other  phenomena,  with  certain  modi- 
fications, and  with  the  assistance  of  contractions  and  symbols, 
such  as  "f"  for  flock,  "fif"  for  flocks,  "Iff"  for  large  flocks, 
"  sflf "  small  flocks,  etc.,  etc.  Perhaps  the  best  contractions 
and  symbols  in  use  for  daily  observations  are  those  used  for 
many  years  by  Professor  Newton  of  Cambridge,  which  are 
deserving  of  universal  adoption,  and  are  simple  and  easy  to 
understand  (see  Trans,  of  Noy.  and  Norw.  Nat  Soc,  voL  i, 
p.  32).  For  purposes  of  records  of  distribution,  a  progressive 
system  of  symbols  has  already  been  advocated  by  me  {Ann, 
and  Mag,  Nat,  Hist.,  1877,  July,  September,  and  December), 
which  I  still  use,  and  find  can  be  easily  worked. 


VIII.  On  the  Occurrence  of  the  Black  Redstart  (Ruticilla  titys. 
Scop)  at  Pentland  Skerries,  Pentland  Firth  ;  along  with 
a  special  plea  in  favov/r  of  Ornithological  Education. 
By  John  A.  Harvie-Brown,  Esq.,  F.E.S.E.,  F.Z.S., 
President. 

(Read  23d  April  1884.) 

This  specimen  of  Ruticilla  titys,  the  fifth  recorded  occur- 
rence of  the  species  in  Scotland  as  far  as  I  am  aware,  is  an 
adult  male.^  As  already  pointed  out  by  me,  on  the  occasion 
of  my  former  record,  it  has  occurred  as  far  north  as  Faroe, 
and  at  its  furthest  north  point  on  the  Continent  in  the  central 
districts  of  Sweden.  The  remarks  made  by  me  before  regard- 
ing the  extension  of  range  northward  in  the  breeding  season, 
affecting  the  so-called  accidental  occurrences  of  the  same 
species  in  autumn,  apply  still ;  and  if  we.  admit,  which  may 
be  freely  admitted,  that  birds  return  in  great  measure  to 
their  breeding  haunts  by  the  same  routes  that  they  leave 
them,  then  the  more  northerly  occurrences  in  this  country  in 
perfectly  normal  weather  indicates  a  more  northerly  exten- 
sion abroad  also.  It  may  be  argued  that  if  this  increase  had 
been  going  on  steadily,  more  marked  differences  would  have 

^  For  previous  records,  see  the  Proceedings  of  this  Society,  vol.  iv.,  p.  142 
(J.  A.  H.-B.) ;  and  Mr  Gray's  **  Birds  of  the  West  of  Scotland,"  p.  84. 
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been  observed,  and  we  would  have  more  records  year  by 
year;  but  then  it  must  be  remembered  that  migration  is  in 
great  part  conducted  at  night,  and  it  is  often  only  the  attrac- 
tion by  light  in  foggy  weather,  which  by  bringing  the  birds 
down  within  our  reach  of  record,  lets  us  know  of  their  pre- 
sence at  alL  Were  our  lighthouse-keepers  all  equally  skilful 
in  detecting  the  rarity  of  many  of  their  annual  visitors — and 
naming  them — our  work  would  be  greatly  simplified,  and 
without  doubt  many  records  of  rare  birds  would  annually  be 
added  to  our  Usts.  We  are  glad  to  be  able  to  say  that  the 
interest  taken  in  the  subject  has  not  diminished  amongst  those 
who  from  the  first  have  assisted  the  migration  committee 
but  has  very  greatly  increased,  whilst  there  have  from  time 
to  time  been  appeals  made  by  the  men  to  have  instructions  in 
taxidermy,  and  books  to  assist  them  in  the  identification^of 
rarities  or  of  birds  new  to  them.  I  mention  this  here 
because  it  may  at  a  future  time  be  in  the  power  of  some 
of  our  number  to  give  a  lesson,  or  leave  some  book  or  taxi- 
dermist's manual  at  a  lighthouse.  I  have  supplied  books  to 
a  few  of  the  important  stations,  but  books  are  not  to  be 
obtained  for  nothing,  and  there  are  sixty-five  stations  in 
Scotland  alone.  The  best  results  have  followed  at  the 
stations  which  are  provided  with  books.  At  Isle  of  May,  Mr 
Agnew  and  his  sons,  as  well  as  the  underkeepers,  can  in  a 
great  many  cases  identify  the  rarer  stragglers.  It  is  my 
opinion  that  in  this  advanced  age  of  education,  what  has 
been  hitherto  left  to  private  enterprise  to  accomplish  ought 
to  be  undertaken  in  a  more  liberal  spirit,  and  that  every 
lighthouse  and  lightship  on  our  coasts  should  be  supplied 
with  a  work  on  British  birds,  with  sufficiently  accurate  por- 
traits of  every  bird  given.  I  sent  "  Mudie's  British  Birds  " 
(Bohn's  edition)  to  Mr  Agnew,  but  it  is  not  a  very  satis- 
factory production.  All  other  works  we  have  are  either  so 
expensive,  or,  where  cheap,  so  imperfect,  either  as  regards 
the  plates  or  the  text  or  both,  that  it  is  quite  beyond  the 
reach  of  any  ordinary  private  income  to  distribute  these  with 
any  satisfaction  or  hope  of  after  results.  If  the  Trinity 
House,  and  the  Commissioners  of  Northern  and  of  Irish 

Lights,  would  undertake  the  distribution  of  a  good  reference 
VOL.  vra.  H 
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work  to  all  the  stationa,  they  would  confer  a  boon  npon  the 
men  themselves,  and  lighten  many  a  tedious  hour,  "When  it 
ia  mentioned  that  on  the  island  of  Heligoland,  Herr  Gaetke 
haa,  during  his  thirty  years'  residence  there,  educated  almost 
every  man,  woman,  and  child  on  the  island  to  a  pitch  of  field 
ornithological  knowledge  which  is  on  a  level  with  that  of 
many  amongst  professed  naturalists,  it  is  only  to  instance 
what  might  be  done  in  this  country  by  the  judicious  expen- 
diture of  a  little  money  and  the  addition  of  a  few  more 
volumes  to  the  lighthouse  libraries. 

Ebooed  Form. 
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IX.  List  of  Shells  and  Zoophytes  from  the  Firth  of  Forth  not 
hitherto  recorded  in  the  Society's  Proceedings.  By  John 
E.  Henderson,  Esq. 

(Read  23d  April  1884.) 

1.  Lima  loscomhii  (G.  B.  Sowerby). 

2.  Tellina  crassa  (Gmelin)  var.  aihida. 

3.  Sealaria  trevelyaiia  (Leach), 

4.  Trichotropis  horealis  (Broderip  and  Sowerby). 

One  specimen  approaching  Jeffreys'  var.  acuminata. 

5.  Trophon  harvicensis  (Johnst.). 

6.  Philine  scahra  (Mliller). 
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With  the  exception  of  the  white  variety  of  Tellina  crassa, 
dredged  to  the  south-west  of  Inchkeith,  in  five  fathoms 
water,  all  the  above  were  brought  in  on  the  lines  of  the 
Newhaven  fishermen,  probably  from  the  mouth  of  the  Firth, 
and  were  collected  by  myself  in  1 883-84 

Jeffreys  mentions  that  Scalaria  trevelyana  was  found  by 
Gerard  in  the  Firth  of  Forth. 

We  are  probably  indebted  to  Captain  Laskey  for  the  dis- 
covery of  Trichotropis  horealis.  About  the  beginning  of  this 
century  he  found  at  Dunbar  a  minute  shell,  which  he  figured 
in  the  Memoirs  of  the  Wemerian  Society y  voL  i.,  as  the  young 
of  Pennant's  Murex  carinatus.  In  1841  Professor  M'Gillivray 
found  the  same  shell  at  Aberdeen,  and  named  it  Fvsvs  Laskeyi, 
but  he  afterwards  identified  it  as  the  young  of  Trichotropis. 

MoUusca  previously  recorded,  but  rare  in  the  Firth  : 

1.  Nucula  tenuis  (Mont). 

Newhaven. 

2.  Area  tetragona  (Poli). 

Newhaven.    Found  by  Mr  J.  Robertson. 

3.  Cyprina  islandica  (Linn.). 

A  curious  distortion.     Portseaton  beach. 

4.  Vemis  casina  (Linn.). 

A  distorted  valve.    Newhaven. 

5.  Thracia  convexa  (W.  Wood). 

A  large  perfect  specimen.    Newhaven. 
Zoophytes  not  previously  recorded   from   the   Firth   of 
Forth: 

Hydboida — 

Sertnlaria  fusca  (Johnst.). 

Newhaven.    From  deep  water.     November  1883. 

POLYZOA — 

Bugula  fldbellata  (J.  V.  Thompson). 

Newhaven.    November  1883. 
Cellepora  dichotoma  (Hincks). 
Newhaven.     Not  rare  on  zoophytes  from  deep 
water,   especially  Hydrallmania  falcata  and 
Antennularia  ramosa.    It  has  perhaps  been  pre- 
viously confounded  with  Cellepora  ramulosa. 
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X.  On  Scottish  Fossil  Cycadaceous  Leaves  contained  in  the  Hugh 
Miller  Collection.  By  J.  Theodore  Eichards,  .  Esq., 
B.Sc,  Falconer  Memorial  Fellow  of  the  University  of 
EdinburgL     (Communicated  by  Dr  Traquair,  F.RS.) 

(Read  23d  April  1884.) 

In  a  lecture  "  On  the  less  known  Fossil  Floras  of  Scotland," 
published  in  "The  Testimony  of  the  Eocks"  (Edinb.,  1857), 
Hugh  Miller  has  given  a  brief  description,  with  accompany- 
ing figures,  of  several  varieties  of  plant-remains  occurring  in 
the  Jurassic  strata  of  the  north  of  Scotland.  Among  them 
are  included  specimens  of  the  foliage  of  Cycadacese,  compar- 
able with  those  which  constitute  so  great  a  part  and  so 
characteristic  a  feature  of  Jurassic  floras  elsewhere.  Stems 
belonging  to  this  order,  derived  from  the  Scottish  Oolite, 
have  had  their  characters  described  in  detail  by  Dr  Carruthers 
in  his  monograph  "  On  Fossil  Cycadean  Stems  from  the 
Secondary  Eocks  of  Britain "  {Trans,  Linn,  Soc,  vol.  xxvi.) ; 
but  the  leaves  designated  "  Zamia  "  in  the  work  above-named, 
and  now  preserved  in  the  Hugh  Miller  Collection  in  the 
Edinburgh  Museum  of  Science  and  Art,  have  not  yet  received 
detailed  description  or  names.  The  following  notice  forms 
part  of  a  general  report  on  the  systematic  arrangement  of 
British  fossil  Cycadaceous  leaves,  which  has  just  been  pre- 
sented to  the  University  of  Edinburgh,  and  I  am  indebted 
to  Dr  Traquair  for  the  opportunity  of  communicating  to 
this  Society  the  result  of  my  examination  of  Scottish  speci- 
mens. '  For  three  out  of  the  five  in  question,  which  I  have 
been  unable  to  identify  with  any  species  described  elsewhere, 
specific  names  and  diagnoses  are  proposed.  Two  of  them 
belong  to  the  genus  Podozamites  (Fr.  Braun),  and  the  other 
to  Zamites  (Brong.),  as  these  genera  have  been  constituted  in 
Schimper's  classification,  and  are  now  commonly  adopted. 
In  the  absence  of  any  English  work  upon  the  subject,  it  may 
be  stated  that  m  Zamites  diVQ  included  leaves,  of  which  the 
well-known  Zamia  gigas  (L.  and  H.)  is  a  typical  example, 
whose  segments,  alternately  arranged  on  either  side  of  a  strong 
rachis,  are  of  oblong  or  lanceolate  form,  inserted  towards  the 
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firont  of  the  rachis  by  a  slightly  contracted  callous  base,  and 
ending  usually  in  an  acute  apex,  with  veins  which,  while 
they  have  a  general  parallel  direction,  diverge  in  passing 
outwards,  so  as  to  be  cut  oflf  successively  along  the  upper 
and  lower  margins  of  the  leaflet.  In  Podozamites,  which  finds 
its  type  in  Zamia  lanceolata  (L.  and  H.),  another  well-known 
Scarborough  fossil,  the  segments,  mostly  slender  and  elon- 
gated, are  characterised  by  a  more  marked  narrowing  at  the 
base,  forming  often  a  kind  of  pedicel  by  which  the  leaflet  is 
inserted,  while  the  veins  usually  converge  towards  both 
extremities  instead  of  terminating  along  the  margins.  (Heer, 
who  has  made  known  many  new  species  and  varieties  of  the 
latter  genus,  suspects  that  ultimately  both  genera  may  be 
reunited  to  the  living  Zamia)  Another  of  the  Scottish 
leaves  seems  to  be  identical  with  Ctenis  falcata  (L.  and  H.), 
an  abundant  fossil  in  the  lower  Oolites  of  the  Yorkshire 
coast  The  remaining  one  is  not  a  Zamioid  leaf,  the  drawing 
of  it  having  been  associated  with  the  others  in  Hugh  Miller's 
book  by  an  accidental  error.  The  details  which  follow 
respecting  each  will  be  readily  understood  with  the  aid  of 
his  figures.  It  is  only  necessary  further  to  mention  that  the 
strata  of  Eathie,  near  Cromarty,  and  of  Helmsdale  in  Suther- 
landshire,  which  yielded  these  remains,  and  are  spoken  of  as 
lias  and  inferior  Oolite  respectively,  have  since  been  as- 
signed by  Mr  Judd  {Quart  Jour,  Geol  Sac,,  vol.  xxix.,  p.  181) 
to  the  upper  division  of  the  Jurassic  system.  The  relation 
of  the  specimens  here  described  to  plants  of  the  same  system 
.elsewhere  is  discussed  in  each  case  below. 

Genus  Zamites — Brong.  emend, 
Zamites  Eathiensis,  sp.  nov. 

'*  Zamia,"  Hugh  MiUer,  Test,  of  the  Rocks,  p.  476,  fig.  133. 

Foliis  nuzgnis,  decim,  3  et  uUra  longis,  pinnis  suhremotia,  rachi  crosses  per- 
peiidicularihuSf  pro  inore  subopposUis,  millim.  10-13  iMiSf  hasi  apud  margmem 
inferiorem  lenUer  constricta  oblique  insertis,  persisterUibtis,  nervis  leniter  diver- 
gentibus. 

This,  the  most  conspicuous  example  of  Scottish  Zamioid 
foliage,  derived  from  Eathie,  in  the  neighbourhood  of  Cromarty, 
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is  among  the  larger  leaves  of  fossil  Cycadacese,  which  are 
diminutive  in  comparison  with  their  modem  representatives. 
Its  length,  of  which  more  than  a  foot  is  visible — ^its  "  strong, 
woody  midrib,"one-third  of  an  inch  in  thickness,  perfectly  pre- 
served in  cylindrical  form — its  leaflets,  half  an  inch  in  breadth, 
all  indicate  a  plant  with  dimensions  approaching  those  of 
Zamites  gigas.  That  it,  too,  was  a  Zamites,  is  without  doubt. 
The  exact  outline  of  the  leaf  cannot  be  determined,  since  the 
rachis  throughout  its  length  gives  rise  to  leaflets  of  which 
only  the  proximal  parts  remain,  without  any  indication  of 
the  apices,  and  these  portions  are  of  nearly  the  same  size 
and  form  in  all  parts  of  the  specimen.  The  length  of  the 
leaflets,  therefore,  and  their  mode  of  termination  are  uncer- 
tain; but  as  the  present  state  gives  a  width  of  4  inches, 
perhaps  6  inches  or  more  may  have  been  the  original  width 
of  the  leaf;  which  is  seen  in  back  view.  The  segments  at 
the  upper  part,  equally  with  those  below,  are  at  right  angles 
to  the  rachis,  and  all  are  separated  by  well-marked  intervals 
from  one  another.  Hugh  Miller  states  erroneously  that  they 
"were  rectilinear,  retaining  their  full  breadth  until  they 
united  to  the  stem  at  right  angles"  (loc,  cit,  p.  477).  The  upper 
margin  does  indeed  pass  to  the  insertion  without  deflection, 
but  the  pinnae  are  distinctly  constricted  at  the  under  margin 
of  the  base.  All  remain  attached  to  the  rachis,  the  mode  of 
insertion  evidently  rendering  the  attachment  persistent.  The 
union  takes  place  in  an  oblique  direction,  so  that  the  leaflets 
occupy  oblique  planes,  as  in  Z,  gigas.  They  are,  as  shown  in 
the  drawing,  nearly  opposite  to  one  another  on  the  two  sides, 
excepting  in  one  place,  where  two  on  one  side  are  opposite 
to  three  on  the  other.  The  veins  are  strongly  marked,  diverg- 
ing slightly  from  their  wide  origin  at  the  base,  so  as  to 
terminate  along  the  upper  and  lower  margins. 

With  the  characters  now  described,  resembling  Z.  gigas 
chiefly  in  size,  the  Eathie  leaf  will  be  found  most  closely 
related  to  Z,  Feneonis  (Brong.),  which  is  a  species  of  the 
middle  Oolites  of  France.  The  older  figure  of  this,  by 
Ettingshausen  (Zias.  u,  Oolith,  Flora,  Abhandl.  der  Geol. 
Eeichsanstalt,  Wien,  i.,  1852,  p.  9,  t.  iii),  which  happens  to 
be  copied  at  p.  39  of  Hugh  Miller's  work,  would  lead  us,  I 
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thinks  to  identify  the  two,  if  no  other  information  were 
available.   The  complete  descriptions,  however,  and  numerous 
drawings  by  Saporta  of  the  French  plant  (PoZ.  Franfaise, 
Vdgetavx  Jurassiques,  voL  ii.,  Cycad6es,  p.  99  and  plates)  have 
prevented  me  from  doing  so.     From  these  it  appears  that 
Z.  Feneonis  never  attains  the  dimensions  of  the  Scottish 
specimen,  while  it  is  usually  much  smaller,  and  often  quite 
small     The  imperfection  of  the  example  makes  it  uncertain 
whether  the  breadth  of  the  leaf  was  as  great  in  proportion  to 
its  length  as  is  the  case  in  Z,  Feneonis,  nor  can  it  be  deter- 
mined whether  the  leaflets  were  of  the  same  acuminate  form. 
These,  as  already  stated,  do  not  at  any  part  of  the  specimen, 
throughout  the  12  inches  seen,  depart  from  the  strictly  hori- 
zontal direction,  nor  are  they  ever  contiguous  to  one  another. 
In  Z,  Feneonis,  on  the  other  hand,  the  leaflets  are  usually 
contiguous,  or  much  more  close  together,  and  at  the  apex  of 
the  leaf  they  are  suberect  and  narrow.    Their  width,  in  the 
largest  examples  figured,  does  not  exceed  one-third  of  an  inch, 
whereas  in  all  parts  of  the  Eathie  fossil  they  have  a  breadth 
of  half  an  inch ;  so  that  while  the  foreign  species,  alike  in  the 
older  and  more  recent  figures,  has  at  least  eleven  to  thirteen 
leaflets  on  each  side  in  the  space  of  4  inches,  we  have  only 
seven  in  the  same  space.     The  insertion  of  the  pinnse  and 
the  stout  rachis  of  Z,  Feneonis  (not  the  var.  ariicidatits,  Sap.), 
as  represented  in  both  places,  seem  to  be  almost  identical 
with  the  condition  in  the  leaf  before  us,  but  that  the  lower 
margin  is  in  both  oftener  shown  to  be  straight,  while  in  this 
it  is  the  upper.      Lastly,  there  is  scarcely  indicated  in  Z. 
Feneonis  any  departure  from  a  strictly  alternate  arrangement. 
The  only  other  form  of  considerable  size  with  which  the 
specimen  could  be  compared  is  Z.  Moreaui  (Brong.),  which 
differs  in  some  of  the  same,  and  in  other  respects.    There 
seems,  therefore,  good  reason  for  the  description  of  the  Scot- 
tish fossil  as  a  new  species  of  Zamites.    A  remark  of  Saporta 
on  the  comparison  of  different  species,  some  of  them  new, 
which  he  describes,  may  here  be  quoted :  "  II  ressort  du  reste 
de  cette  ^tude  comparative  la  conviction  que  les  Zamites  con- 
stituaient  dans  la  flore  jurassique  une  groupe  trfes-compacte 
de  formes  revStues  d'une  physionomie  commune,  sensible- 
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ment  la  mSme  pour  toutes,  et  chez  lesquelles  de  faibles  dif- 
ferences suffisaient  pour  motiver  des  distinctions  sp^cifiqnes" 
{loc.  dt,  p.  96).  The  close  resemblance  of  the  plant  to  the 
Corallian  species  of  France  will  be  noticed  in  connection 
with  the  position  assigned  to  the  Eathie  rocks  in  the  memoir 
already  cited. 

Genus  Podozamites — Ft.  Braun  emend. 
Podozamites  Milleri,  sp.  nov. 

**Zainia,"  Hugh  MiUer,  Test,  of  the  Rocks,  p.  479,  fig.  137. 

Foliis  rachi  validiusculay  pinnis  approosimcUiSf  regularibuSf  erecto-pcUeiUibus, 
centim.  7-8  longis,  millim.  7-9  supra  lasin  latis,  lineari-lanceolatiSf  amminatiSf 
hasi  mbitofere  margine  superior e  deflexo  in  pediceHu/m  hrevem  angiistatis. 

The  specimen  now  to  be  described  is  from  the  Oolite  of 
Helmsdale.     It  is  stated  by  the  author  very  closely  to  re- 
semble Lindley  and  Button's  Zamia  lanceolata  (P.  lanceolatus 
var.  genuimos),  but  that  the  leaflets  "contract  much  more 
suddenly  from  their  greatest  breadth  than  those  of  lanceolata 
into  a  pseudo-footstalk ;  and  the  contraction  takes  place,  not 
almost  equally  on  both  sides,  as  in  that  species,  but  almost 
exclusively  on  the  upper  side."     To  this  must  be  added  the 
greater  uniformity  in  size,  shape,  and  arrangement  of  the 
leaflets,  which,  as  will  be  seen  from  the  figure,  pass  obliquely 
outwards  in  a  very  regular  manner.     Their  size  and  outline, 
excepting  so  far  as  the  base  is  different,  are  very  much  those 
of  the  typical  (English)  form  of  P.  lanceolatus,  but  the  loose 
and  irregular  appearance  of  the  latter,  with  its  slender  rachis, 
gives  it  a  distinct  character,  which  belongs  also  more  or  less 
to  all  the  varieties  of  the  species.    The  Helmsdale  leaf  seems 
to  be  one  of  more  rigid  habit.     The  length  of  the  portion 
seen  is  8  inches ;  its  rachis  is  comparatively  strong ;  and  the 
leaflets,  3   inches  in  length  and  oblique  in  direction,  are 
nearly  straight,  and  almost  contiguous  to  one  another.     The 
pedicels  also  are  strong,  and  probably  somewhat  decurrent 
on  the  rachis.      The  manner  in  which  they  are  formed,  as 
shown  in  the  drawing  and  described  above,  is  seen  in  so 
many  places  that  the  appearance  can  hardly  be  accidental. 
The  greatest  width  of  the  leaflet  is  at  half  an  inch  or  less 
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above  the  insertion,  beyond  which  it  gradually  narrows  to 
the  apex.  Below  this  'pointy  the  lower  margin  turns  up 
slightly  to  the  pedicel  with  great  uniformity  in  each  segment, 
while  the  upper  margin,  with  eqaal  constancy,  descends  in  a 
nearly  vertical  direction  for  some  distance,  until  it  joins  the 
pedicel  and  becomes  its  upper  border.  P.  lanceolatus  itself 
varies  in  the  mode  of  formation  of  the  pedicel ;  thus,  in  the 
type  genwvMis  either  margin  may  turn  in  more  at  the  base 
than  the  other,  while  in  the  var.  JEichwaldi  the  leaflets  appear 
to  be  usually  symmetrical  at  the  base,  but  the  regularity 
which  characterises  the  Scottish  specimen  in  this  and  every 
respect  is  against  regarding  it  as  another  variety  of  the  same. 
In  the  direction  and  arrangement  of  its  leaflets,  and  to  some 
extent  also  in  their  form  and  insertion,  it  has  more  analogy 
to  P.  angustifolius  (Eichw.),  but  in  this  the  lower  margin  is 
the  one  which  is  uniformly  most  curved  to  meet  the  decurrent 
pedicel,  and  the  leaflets  are  much  more  slender.  The  forms 
with  which  comparison  is  thus  suggested  belong  to  the  lower 
and  middle  Oolites  of  various  countries. 

Fodozamites  Ueerianus,  sp.  nov. 

'<Zamia,"  Hogh  Miller,  Test,  of  the  Bocks,  p.  478,  fig.  136. 

Foliis  majusadiSy  pinnis  cequaliter  diatantibuSf  erecio-patentibus,  linearibus, 
ecmtim.  12  droa  longis,  mUlim.  9-10  latiSf  basin  versus  Umge  et  sensim  angus- 
tatis,  apice  acutis  vel  subaciUis. 

The  third  specimen  belongs  also  to  the  genus  Fodozamites, 
which  has  been  so  much  extended  by  recent  research  in  all 
parts  of  the  world.  This  consists  of  a  portion  of  a  frond, 
with  long  and  narrow  leaflets  in  relation  to  a  rachis,  from 
which,  however,  most  of  them  are  detached,  although  still 
retaining  their  order.  Only  one,  which  lies  separate  from  the 
rest,  is  nearly  perfect ;  the  termination  of  the  others  is  not 
seen.  They  were  not  less  than  4^  inches  long,  and  at  their 
widest  part  only  f  inch  broad.  This  is  reached  nearly 
3  inches  from  the  base,  and  throughout  this  distance  they 
slowly  narrow  to  their  insertion,  contracting  also  in  the 
opposite  direction  to  probably  an  acute  or  subacute  apex. 
They  are  arranged  with  considerable  regularity  at  a  slight 
distance  from  one  another,  forming  acute  angles  with  the 
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rachis.  The  veins  axe  sufficiently  distinct,  as  shown  in  the 
drawing.  No  species  previously  described  seems  to  possess 
characters  corresponding  with  the  above.  P,  angustifolius 
(Eichw.)  is  perhaps  the  nearest,  but  it  is  much  smaller,  the 
leaflets  in  Eichwald's  figure  {Leth,  Rossica,  voL  ii,  tab.  ii, 
fig.  7),  which  is  of  natural  size,  having  but  half  the  length 
and  width  of  these ;  their  greatest  width  occurs  near  the  base, 
where  they  are  therefore  most  approximated,  and  from  which 
they  gradually  narrow  outwards.  The  fragmentary  specimens 
figured  by  Heer  (Beitr,  zur  Foss,  Flora  Spitzbergens,  tab.  vii., 
f.  8-11,  viii.,  2e,  5;  Beitr,  z.  Jura,  Fl.  Ost.  Sibir.  u,  d,  Amur- 
landes,  tab.  xxvi.,  f.  11 ;  Beitr,  z,  foss,  Fl,  Sib,  u,  d,  Amurl,, 
tab.  v.,  f.  lib.)  with  this  name  are  somewhat  difficult  of 
determination.  There  can  therefore  be  little  hesitation  in 
assigning  to  the  leaf,  derived  from  the  same  locality  as  the 
last,  the  position  of  a  new  species,  which  I  have  dedicated  to 
the  memory  of  Dr  Heer. 

?  Ctenis  falcata — L.  and  H, 

**  Zamia,"  Hugh  MUler,  Test,  of  the  Rocks,  p.  478,  fig.  135. 

I  am  unable  to  separate  from  this  well-known  Scarborough 
species  the  leaf  here  figured  from  the  Oolite  of  Helmsdale. 
The  specimen  is  of  the  same  size  as  the  Yorkshire  plant ;  its 
leaflets  have  the  same  form  and  arrangement,  the  same  mode 
of  insertion,  and  apparently  the  same  venation.  Division 
and  anastomosis  of  veins  are  not  indeed  to  be  detected,  but 
similar  divergence  at  the  base  is  seen,  and  the  veins  are  as 
large  and  conspicuous  as  they  usually  are  in  English  speci- 
mens, and  of  corresponding  number.  The  decurrence  of  the 
huillcts  behind  one  another  at  the  base,  and  a  slight  narrow- 
ing Hoinotimes  beyond  the  insertion,  are  equally  characteristic. 
^K\\K\  Icuiflcts,  perhaps,  are  closer  together,  and  may  be  a  little 
\\\<\\K\  oblique  than  they  are,  as  a  rule,  in  the  Yorkshire 
Hpooimous,  which,  however,  vary  in  these  respects.  As  usual 
\\\  tho  latter,  their  apices  are  not  seen.  The  upper  part  of 
iho  Hpociuien  will  be  observed  closely  to  correspond  with 
t,\mlU\V  Hiul  llutton's  figure  ("Eossil  Flora,"  vol.  ii.,  tab.  103). 
itv  tW.  \\\oftutime,  therefore,  it  may  be  regarded  as  continuing 
kM^^^  /iifMt<rt  to  a  higher  level  in  the  Jurassic  system. 
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Hagh  Miller  has  himself  suggested  the  identity  on  a  label 
affixed  to  the  specimen,  although  it  is  not  so  spoken  of  in 
the  work  where  it  is  figured.  It  may  be  remarked  that  the 
figure  shows  a  singidar  resemblance  to  that  by  Tate  of  the 
smaller  leaf  Palceozamia  Buhidgei  (Dioonites  Bubidgei,  Sch.) 
from  South  Africa  (Qioart  Jour.  Geol.  Soc,  voL  xxiii,  p.  145, 
pL  v.,  fig.  3).  The  likeness,  however,  disappears  in  the  en- 
larged drawing  of  a  single  leaflet  of  the  latter.  Palaeontolo- 
gists are  not  agreed  whether  Ctenis  is  a  cycad  or  a  fern. 

With  reference  to  the  remaining  figure  in  the  "  Testimony 
of  the  Eocks  "  which  bears  the  name  of  "  Zamia "  (p.  477, 
fig.  134),  it  has  to  be  remarked  that,  after  describing  the 
Zamioid  foliage,  the  author  goes  on  to  refer  in  some  detail  to 
the  group  of  simple-leaved  ferns,  including  Tceniopteris,  and 
indicates  his  own  belief  that  certain  large  Scottish  specimens 
which  would  usually  bear  this  name  may  be  truly  Zamioid. 
It  is  one  of  these,  doubtless,  which  is  figured,  with  the  name 
of  "Zamia "  attached,  in  this  place,  where  it  has  apparently 
been  inserted  in  error  by  those  who  assigned  to  some  of  the 
drawings  their  position  and  name  after  the  author's  death. 
(See  note  prefixed  to  the  work.)  Its  interpolation  here 
among  the  other  four  figures  we  have  quoted  (figs.  133,  135, 
136,  137),  representing  plants  mentioned  in  corresponding 
order  in  the  text,  has  confused  the  references  to  these ;  and 
we  find  further  on  (p.  484)  that  it  is  required  to  complete 
the  illustration  of  Tseniopteroid  plants  as  there  described. 
Leaves  of  this  kind  are  still  included  among  ferns,  especially 
several  of  great  size  in  the  genus  Macrotceniopteris  (Sch.). 


XI.  On  a  Specimen  of  Pecopteris  (?  polymorpha,  Brongn.) 
in  Circinate  Vernation,  with  Bemarks  on  the  Genera 
Spiropteris  and  Ehizomopteris  of  Schimper.  By 
Egbert  Kidston,  Esq.,  F.G.S.    [Plate  V.,  Fig.  1.] 

(Read  19th  December  1883.) 

Although  the  beautiful  specimen  which  forms  the  subject 
of  this  communication  does  not  throw  any  additional  light  on 
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the  growth  of  fossil  ferns,  yet  as  none  of  the  figures  of  circin- 
ate  vernation  with  which  I  am  acquainted  surpass  this 
example,  I  have  ventured  to  give  a  short  description  and  a 
figure  of  it. 

The  fossil  is  about  3  inches  long ;  but  if  we  measure  the 
full  length  of  the  circinately  roUed-up  portion  as  if  it  were 
straightened  out,  it  is  fully  6  inches  in  length.  The  specimen 
is,  however,  incomplete  at  its  lower  extremity ;  so  its  original 
size  cannot  now  be  ascertained. 

The  rachis  is  thick,  and  still  shows  slight  traces  of  the  little 
scales  with  which  its  surface  was  once  covered.  The  inner 
side  of  the  rachis  bears  about  thirty-three  circinately  roUed-up 
pinnae.  These  show  nothing  further  than  the  midribs  of  the 
pinnules  which  appear  as  strongly-defined  ridges.  There  is 
no  evidence  in  the  specimen  itself  to  indicate  the  species  to 
which  it  belongs ;  but  from  the  occurrence  of  fragments  of 
Fecopteris  polymorpha  (Brongn.)  on  the  same  slab,^  it  probably 
belongs  to  that  fern. 

The  specimen  is  in  the  collection  of  the  Geological  Survey 
of  Great  Britain,  to  whom  it  was  presented  by  Mrs  Stockhouse 
Acton. 

My  thanks  are  due  to  Dr  A.  Geikie,  F.E.S.,  Director- 
General  of  the  Geological  Survey  of  Great  Britain,  for 
permission  to  describe  this  interesting  fossil. 

Position  and  Locality. — From  the  Coal-measures,  Leebot- 
wood,  about  nine  miles  from  Shrewsbury. 

As  a  means  of  giving  a  definite  place  in  the  classification 
of  fossil  plants  to  such  fossils  as  that  just  described,  Schimper 
has  proposed  the  genus  Spirojpteris,^  in  which  he  places  those 
specimens  of  ferns  that  do  not  afford  sufficient  characters 
for  the  determination  of  the  species  to  which  they  belong. 
For  fossils  of  this  nature  the  genus  is  very  useful,  as  it  gives 
a  fixed,  though  provisional,  position  to  many  interesting 
specimens  which  cannot  be  specifically  associated  with  the 
fully-developed  frond. 

*  Not  shown  in  the  figure. 

a  Traits  d.  Pal^ont.  Veg6t.,  vol.  i..  p.  688,  pi.  xlix.  (1869). 
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'  Several  very  interesting  examples  of  Spiropteris  have  been 
already  described. 

In  1828  Brongniart^  figured  a  Spiropteris-condiHon  of  Pec. 
MUtoni  (Artis),  which  shows  a  few  of  the  pinnae  spirally 
coiled. 

Groppert  gives  a  figure  of  circinate  vernation  of  Fee 
Jdgeri.^  It  exhibits  a  very  young  condition  of  probably  a 
whole  frond.  He  also  gives  another  specimen  of  Spiropteris 
on  his  PL  xxxvi,  Fig.  8. 

Probably  the  most  interesting  figures  of  Spiropteris  are 
those  given  by  Germar,*  which  he  named  Selaginites  Erdmanni. 
These,  as  Schimper  has  pointed  out,  are  not  Lycopods, 
but  young  ferns,*  and  referable  to  Spiropteris,  Though  the 
specimens  are  of  considerable  size,  they  show  merely  the 
early  condition  of  a  large  frond.  The  dense  covering  of 
scales  with  which  they  are  bedecked,  gave  rise  to  the 
mistaken  opinion  that  the  fossils  were  Lycopods  and  the 
scales  their  leaves. 

A  small  specimen  of  Pec,  arboi^escens  (SchL  sp.)  in  circinate 
vernation  has  been  figured  by  Geinitz  in  his  "  Verst.  d.  Stein- 
kohlenform.  in  Sachen."  * 

Sir  C.  J.  F.  Bunbury  described  a  very  curious  fossil  fern 
from  the  Sydney  Coal-field,  Cape  Breton,®  which  showed 
portions  of  a  frond  in  circination. 

This  specimen  beautifully  exhibits  numerous  long  scales 
on  the  rachis.  Some  of  the  lateral  pinnae  are  fuUy  expanded; 
but  these,  unfortunately,  are  not  sufficiently  well  preserved 
to  enable  one  to  determine  the  species  to  which  the  fern 
belongs.  Bunbury  regarded  it  as  a  Pecopteris  standing  in  the 
neighbourhood  of  P.  plvmosa  (Brongn.). 

From  the  scales  on  the  rachis  Mr  E.  Brown,  who  found 
the  specimen,  "  supposed  it  to  belong  to  a  peculiar  species 

^  Hist.  d.  y^g^t.  Foss.,  p.  334,  pi.  cxiv.,  fig.  1. 

3  Die  fossllen  Farrnkrauter,  p.  368,  pi.  zzii.,  fig.  ^  (1836). 

*  Die  Verst.  d.  Steinkohlengebirges  v.  Wettin  u,  Lobejiin,  p.  61,  pi. 
xxyL  (1844). 

*  Schimper,  Trait6  d.  Pal.  V^.,  vol  L,  p.  689. 
»  P.  24,  pL  xxviii.,  fig.  10  (1856). 

*  Quart.  Journ.  Geol.  Soc,  vol.  viii.,  p.  31,  pi.  i.  (1852). 
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of  Lepidadendron  ^'^'^  hut  there  can  lemam  no  donht  «8  to  the 
fossil  being  a  fern  referable  to  i^r(>p^em. 

The  same  writer  in  1857  ^  figured  anddoscribed  a  spedmen 
of  Neivropteris  (probably,  as  suspected  by  the  va&iov^  Nmr. 
gigarUea,  Stemb.)  circinately  coiled,  &om  Glodwick  CcX^^gej^, 
near  Oldhanii  Lancashire. 

Examples  of  Newropteris  in  this  condition  are  even  more 
rare  than  those  of  Feeopteris. 

The  figure  which  accompanies  his  paper  shows  a  y^ry 
perfect  example  with  the  usual  accompanjring  scales  on 
therachis. 

,  Mr  T.  Stock  has  shown  me  a  small  circinate  specimen 
of  N&wropteris  from  the  Coal-measures  near  Dysart,  Fife; 
but  this  one  probably  belongs  to  K  LoshM  (Brongnr.),  as  it 
was  associated  with  that  fern. 

In  the  ^'  Illustrations  of  Fossil  Plants/'  whicK  eoncdsts  <^  a 
reproduction  of  a  number  of  unissued  plates  prepared  by 
lindley  and  Hutton  for  their  "Fossil  Flora,"  three  good 
figures  of  Spiropteria  are  given.* 

Plates  xlv.  and  xlviL  are  referable  to  Newropteris^  but 
of  that  on  PL  xlvi.  the  genus  is  uncertain  * 

In  a  paper  on  Sphenopteris  affini^  (L.  &  H.),^  Mr  C.  W.  Peach 
gives  some  good  figures  of  the  young  state  of  this  fern. 
His  figures  6  and  7  show  very  clearly  the  characteristic 
dichotomy  of  the  rachis  of  this  species. 

The  above  is  a  list  of  the  chief  Palaeozoic  examples  of 
Spiropteris  which  have  been  figured  and  described ;  and  it  is 
remarkable,  that  though  ferns  are  our  most  common  class  of 
fossil  plants  in  the  Carboniferous  formation,  specimens  showing 
their  early  stages  of  development  are  so  seldom  met  with. 

There  is  another  group  of  fossils  which,  though  very  similar 

*  Quart.  Journ.  Geol.  Soc,  vol.  viii.,  p.  32. 

2  Bunbury,  **0n  a  remarkable  Specimen  of  Neuropteris,  with  Remarks  on 
the  Genus"  (Quart.  Joum.  Geol.  Soc,  vol.  xiv.,  p.  243). 
'  Edited  by  G.  A.  Lebour,  Newcastle-on-Tyne,  1877. 

*  See  Cr^pin,  Revision  de  quelques  esp^ces  figur^es  dans  Touvrage  intitule 
"  Illustrations  of  Fossil  Plants  "  (Soc.  Roy.  de  botanique  de  Belgique,  vol. 
XX.,  part  ii.,  p.  26,  1881). 

*  Quart.  Joum.  Greol.  Soc,  vol.  xxxiv.,  p.  131,  pi.  viii.,  figs.  5-7. 
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in  general  appearance  to  Sjpiropteris,  are  most  probably  quite 
diflferent  in  nature.  For  these  Schimper  has  proposed  the 
name  Ehizomopteris} 

In  this  genus  Schimper  places  the  specimens  which  Greinitz 
has  figured  ^  as  Selaginites  Erdmanni,  believing  them  to  be 
fem-rhizomes ;  and  certainly  the  fossils  in  question  have  a 
great  resemblance  to  such  structures. 

There  can  be  no  doubt  as  to  Geinitz's  plants  being  quite 
distinct  from  those  originally  described  under  the  same  name 
by  Germar.^ 

Schimper  also  places  in  his  Rhizomopteris  the  Selagonites 
tmdnncUiLS  (Lesqx.).* 

Lesquereux,  though  he  says  the  specimen  cannot  positively 
be  referred  to  the  Lycopodiacese,  still  keeps  it  separate  from 
Ehizomopteris,  and  includes  it  in  LycopodUes  {L,  uncimiatus),^ 

I  am  inclined  to  regard  this  fossil  as  the  rhizome  of  a  fern ; 
and  the  spiral  terminations  of  several  of  the  branches,  which 
appear  to  be  the  chief  character  that  prevents  Lesquereux 
from  regarding  his  plant  as  a  rhizome,  are  most  probably 
spirally-coiled  young  fronds  springing  from  the  points  of  the 
branchlets  of  the  rhizome. 

From  the  nature  of  the  fossil  and  the  state  of  its  preserva- 
tion, there  is,  however,  room  for  difference  of  opinion  as  to  its 
true  nature. 

XII.  On  a  Hew  Species  of  Schutzia  from  the  Calciferous 
Sandstones  of  Scotland,  By  Egbert  Kidston,  Esq., 
F.G.S.     [Plate  V.,  Fig.  2.] 

(Read  19th  December  1883.) 

Schutzia  Bennieana,  n.  s.,  Kidst. 

Specific  character, — Fruit  campanulate,  composed  of  linear 
lanceolate  bracts ;  pedicels  of  fruits  short  and  placed  spirally 
on  the  axis. 

1  Schimper,  I,  c,  vol.  L,  p.  699  (1869). 

^  Geinitz,  I.  c,  pi.  i.,  figs.  5  and  6. 

'  Geinitz  figures  in  his  "Flora  der  Eohlenform.  v.  Hainichen-Ebersdorf  u. 
Floher-Guckelsberg,''  p.  56,  pi.  xiv.,  fig.  20,  a  plant  which  he  also  names 
S,  Erchna/n/ni,     This  appears  to  be  only  a  badly-preserved  Lepidodendron. 

*  Geol.  Survey  of  lUin.,  vol.  ii.,  p.  446,  pi.  xli,  fig.  3  (1866). 

'  Coal-Flora  of  Pennsylvania,  p.  359  (1880). 
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.  Semarks. — The  specimen  on  which  the  above 
is  based,  shows  the  upper  portion  of  a  fructification,  but  it3 
lower  part  is  broken  over,  so  that  it3  original  length  cannot 
now  be  determined.  The  part  which  has  been  preserved  is 
3^  inehes  long. 

Only  three  frmts  are  attached  to  the  8tem,tiie  terminal  one 
and  two  immediatdy  beneatJii  it. 

Below  these  are  seen  the  scars  &om  which  four  others  have 
fallen.  The  spiral  arrangement  of  the  firoits  is  clearly  shown 
by  the  positiou  of  those  which  still  remain,  that  on  the  right 
being  placed  at  about  a  third  of  the  circumferenoe  of  the 
stem  distant  from  the  one  to  the  left  hand. 

The  bracts  of  the  little  cones  are  about  half  an  inch  long, 
narrow,  and  terminating  in  a  sharp  point,  and  they  appear  to 
have  had  a  central  keeL  From  the  compressed  state  of  the 
fossil  it  is  impossible  to  make  oat  their  arrangemcmt  eleariy, 
but  they  were  probably  placed  in  a  Caw  spirals. 

The  stalks  to  which  they  are  attached  are  short,  being 
barely,  in  the  longest  and  lowest.example,  the  fifth  of  ui  inch 
long.    The  main  axis  is  irregularly  striated  loi^tudinally. 

AJinities. — This  plant  ia  closely  related  to  Sehutzia  anomaJa 
(Greinitz),^  from  the  Kothliegenden  of  Ottendorf,  near^raunau, 
Bohemia;^  but  the  differences  between  the  Permian  and 
the  Scotch  plant  are    such    as    to    necessitate  a  specific 


1 


They  agree  in  the  spiral  arrangement  of  the  little  cones,  in 
their  being  short-stalked,  and  in  the  furrowed  stem,  as  also  in 
the  angle  made  by  the  pedicels  and  the  stem. 

The  form  of  the  fruit  is,  however,  essentially  distinct. 

In  Schutxia  anoTnala  they  are  globular,  and  consist  of 
numerous  and  much  shorter  keeled  scales,  which  are  similarly 

'  Geinitz,  Neues  JahrTjnch,  1863,  "Ualierzwai  neae  dyadiache  Pflanzen," 
p.  626,  pi.  tL,  figs.  I,  2,  3. 

■  Ooppert  also  notea  the  occnneoce  of  this  plant  at  Henrode,  Sileeia  (see 
Die  toss.  Flora  der  permischen  Formation,  pi.  iziii.,  figs,  I-fl,  pL  nir., 
figs.  1,  2,  3,  6,  188i-06).  The  plates  for  this  work  were  prepared  before  the 
publication  of  the  paper  by  Gieinitz,  though  not  issued  till  after ;  hence  ths 
name  which  Goppert  had  proposed  for  this  plant  (Anthodu)p3is  Bein^rtitm) 
appears  on  his  plates ;  Schutxia  anomala  (Qein. )  is  used  in  his  text.  8«e  also 
Goppert,  Foss.  Flora  d.  Uebergangsgehirges,  p.  214  (1862). 
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arranged  in  a  few  short  rows.  These  often  appear  blunt,  but 
Gleinitz  thinks  this  bluntness  may  arise  through  a  bending  of 
their  apices. 

Schutzia  Bennieana  teaches  nothing  as  regards  internal 
structure;  but  in  S.  anomala,  Geinitz  thought  he  could 
discover,  "at  the  base  of  the  inner  side  of  the  fruit- scales, 
tiie  appearance  on  each  side  of  a  longitudinal  depression, 
which  corresponded  to  the  two  seeds  in  the  fruit-scales  of 
Coniferae." 

In  addition  to  the  plates  of  Schutzia  given  by  Goppert, 
he  also  figured  another  fossil,  which  he  named  Dictyothalamus 
Schrollianus} 

This  he  thought  might  belong  to  Schutzia  anomala,  the 
latter  being  the  female,  the  former  the  male  plant.  These 
occurred  together  and  often  on  the  same  slab. 

The  central  part  of  Dictyothalamus  is  composed  of  small 
elongated  roundish  bodies,  which  Goppert  thought  were  the 
seeds. 

He  believed  these  fossils  might  belong  to  the  Nosggerathice, 
but  Geinitz  regarded  them  as  coniferous. 

As  there  occurred  with  the  specimens  Noeggerathia  (Cor- 
daites)  and  Coniferae  of  different  genera,  as  Walchia  piniformis 
(SchL,  sp.),  and  Ullmannia,  no  light  is  thrown  on  the  affinities 
of  Schutzia  by  the  vegetable  remains  with  which  it  was 
associated. 

But  that  it  does  not  belong  to  Walchia  or  Ullmannia  is 
pretty  certain,  as  the  fruits  of  both  these  plants  are  now  well 
known.^ 

Schimper  unites  Dictyothalamus  Schrollianus  (Gopp.)  with 


*  Gdppert,  Die  fos.  Flora  d.  penn.  Formation,  p.  164,  pi.  xxiv.,  figs.  4  and 
6,  pi.  xzY.,  figs.  1-4. 

*  CKJppert  figures  and  describes  what  he  believes  to  be  the  fruit  and  the 
male  flowers  of  Walchia  piniformis,  in  "Die  fos.  Flora  d.  perm.  Form,,*'  p. 
239,  pi.  zlix., — the  cones,  figs.  1-10 ;  the  male  flowers,  figs.  11-14.  See  also 
Weiss,  Flora  d.  jiing.  Stk.  u.  d.  Rothl.,  p.  179,  pi.  xvii.,  fig.  1.  The  fmit 
of  UUmannia  was  described  as  far  back  as  1828  by  H.  Bronn,  in  Leonhard's 
"Zeitchriffc  fiir  Mineral ,"  Band  ii.,  p.  509,  pi.  iv.,  under  the  name  of  Cupresstts 
Ullmamm,  Gdppert  also  figures,  in  his  "  Permian  Flora,"  similar  cone-like 
fruits  (pL  xly.,  figs.  24,  25). 
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SehtUzia  anomala  (Geinitz),^  and  regards  the  Sch^nkm  as 
the  female,  and  the  DictyothcUamus  as  the  male  plant  The 
structure  in  the  latter  which  Goppert  believed  to  be  seeds, 
Schimper  thinks  are  stamens,  and  this  view  I  am  inclined  to 
adopt.  *  These  remarks  show  that  the  real  affinities  otSehtUzia 
are  very  obscure. 

Schimper  regarded  these  fossils  as  belonging  to  a  ''coniferous 
plant,  which  was  altogether  paradoxical  and  without  any 
analogy,  either  fossU  or^cent.'^  ^. 

Although  this  is  not  a  very  satisfactory  manner  of  disposing 
of  Sckutzia,  aiie  conclusions  arrived  at  by  Schimper  may 
possibly  be  correct,  though  we  have  little  positive  evidence 
to  support  this  opinion. 

Large  eoipferous  stems,  with  their  internal  structure 
beautifully  preserved,^  are  of  frequent  occurrence  in  various 
parts  of  the  Calciferous  Sandstones  of  Scotland.  The  remains 
of  coniferous  trees  also  occur  in  rocks  of  similar  age  in 
different  parts  of  the  globe ;  but  notwithstanding  their  wide 
geographical  distribution  and  frequency  of  occurrence,  there 
is  nothing  definitely  known  regarding  their  fruit  or  foliage. 

Prof.  Dawson  has  described  and  figured  a  small  coniferous- 
like  branch  from  Tatamagouche  (Carboniferous  formation), 
which  he  has  named  Araucarites  gracilis,^  This,  he  thinks, 
may  possibly  belong  to  his  Dadoxylon  nmteriarum} 

Some  botanists  regard  the  Trigonocarpons  as  the  fruit  of 
Conifers,  but  this  opinion  is  not  universally  accepted.^ 

The  absence,  however,  of  conclusive  evidence  as  to  the 
fruit  and  foliage  of  Palaeozoic  Coniferse  is  not  so  surprising 
when  we  consider  that  the  ancient  pines  most  probably 
occupied  the  uplands  of  the  then  existing  continents,  and 
only  the  stems  and  larger  branches  would  be  able  to  resist 

^  Schimper,  Traits  d.  Paleont.  V^g^t.,  vol.  ii.,  p.  358. 

*  Loc,  dt,  p.  358. 

*  Dawson,  Arcadian  Geology,  2d  edit.,  p.  474,  fig.  159a  (1868). 

*  Dawson,  I.  c,  p.  424.  Stur  also  gives,  in  his  **Culni  Flora"  (p.  81,  pi, 
ziv. ,  fig.  4),  a  small  figure  and  description  of  a  fossil  he  has  named  Pinites 
antecedens.  The  specimen  is  small,  and  its  union  with  the  Coniferse  appears  a 
little  uncertain. 

^  Since  writing  the  above.  Prof.  Williamson,  in  his  Address  at  the  British 
Association,  has  given  a  rSmrrU  of  this  subject  (Nature,  Sept.  20,  1883). 
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the  abrasion  and  decay  of  their  long  journey  from  the  uplands 
to  the  flats,  where  mud  or  sand  was  being  deposited ;  and  as 
proof  of  this,  many  of  the  stems  of  these  trees  are  found 
imbedded  in  sandstone  quarries,  where  they  have  been 
drifted. 

The  undoubted  occurrence  of  the  genus  Schutzid,  so  low 
down  in  the  geological  scale,  is  of  considerable  importance ; 
the  discovery  in  the  Calciferous  Sandstones  of  a  plant  so 
closely  related  to  a  Permian  species,  is  almost  without  parallel. 

The  small  fossils  which  I  previously  described  and  placed 
in  the  genus  Schutzia  are  different  from  the  present  example, 
and  their  real  claim  to  this  genus  may  perhaps  be  open  to 
iC[uestion.^ 

Schutzia  Bennieana  comes  so  near  the  Permian  species, 
that  it  is  only  after  very  careful  consideration  I  have  given 
it  a  specific  designation.^ 

It  gives  me  pleasure  to  name  this  plant  after  Mr  J.  Bennie, 
to  whom  I  owe  so  much  for  kind  assistance  in  many  points 
connected  with  my  study  of  fossil  botany. 

Position  and  Locality. — In  bituminous  shale.  Water  of 
Leith,  opposite  Kate's  Mill,  Midlothian;  Calciferous  Sandstone 
series.     Collected  by  Mr  James  Bennie. 


XIII.  On  the  Occurrence  of  Satinets  Gull  (Xema  Sabinii, 
Sabine)  in  Adult  Plumage  in  the  Isle  of  Mull.  By 
Edward  Bidwell,  Esq.,  M.B.O.U. 

(Read  20th  Febniary  1884.) 

Although  both  the  late  Dr  Saxby  and  Mr  Thomas  Edwards, 
of  Banff,  write  of  having  seen  Sabine's  Gull,  there  are  only 
two  instances  that  I  can  trace  of  the  bird  having  ever  been 
obtained  in  Scotland.  The  first,  an  immature  female,  shot 
on  October  2,  1877,  near  the  island  of  Craigleith,  in  the 

^  Trans.  Roy.  Soc,  Edinb.,  vol.  xxx.,  p.  545,  pi.  xsxL,  figs.  10,  11,  12. 

*  Schimper  thinks  the  (?)  TrigoTwcarpiis  BoRssleri,  Gein.  (Neues  Jahrb, 
1867,  p.  288,  pi.  iii.,  fig.  4),  is  an  analogous  fruit,  bnt  specifically  distinct 
(Traits  d.  Pal6ont.  V6g^t.,  vol.  ii.,  p.  358). 
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F<»th,  ifl  now  in  ihe  3  of  Nortli 

Berwick.  The  late  !  Ji  a  A  Kander  Smith  esMbited 
tiiia  bird  at  a  meeting  of  joar  Sociefy,  and  recorded  it  in 
the  fourth  voloine  of  tiie  F  V  Cp-  207).    The  second 

ifl  the  biid  which  I  am  enabli  to  bnog'  before  your  notice 
to-ni^t,  tiuongh  the  kiDdn>  of  the  Eev.  F.  Weldoa 
CbampaajB,  who  wiitea  me  as  foil  W8 : 

"Baft  Lodoe,  Frant, 
"TdhbudoB  Wklls,  Janiiary  26,  18S4. 

"The  Sabine's  Gull,  which  I  was  fortunate  enough  to 
obtain  last  autumn,  is  a  male.  It  was  shot  ou  Loch  Spelve, 
Isle  of  Mull,  September  7  ot  8, 1883.  There  had  been  some 
veiy  rough  weather,  I  saw  it  swimmitig  about  on  the  loch, 
the  weather  and  water  being  then  qmte  calm.  It  allowed 
OUT  boat  to  approach  within  35  to  40  yards,  when  it  slowly 
rose  in  flight  I  shot  at  it  with  No.  3  shot,  and  though  I 
had  hit  it  hard,  it  flew  about  150  yards  and  settled  again, 
just  as  if  not  hurt.  However,  on  rowing  up  to  it,  it  allowed 
me  to  take  it  up  in  my  hand.  One  ebot  seemed  to  have 
gone  into  its  heart,  but  it  was  roost  tenacious  of  life,  and 
took  me  some  minutes  to  kill  it,  so  as  not  to  hurt  its 
plumage. 

"  It  struck  me  at  the  time,  from  its  tameness,  that  it  did 
not  know  much  by  experience  of  human  nature." 

The  earliest  known  specimen  of  this  species  is  one  now  in 
the  Vienna  Museum,  which  was  received  without  any  pub- 
lished name  or  description  from  the  Ornithological  Institute 
of  that  city,  about  1806,  Some  twelve  years  later,  the 
species  was  described  in  a  paper  read  before  the  Linnean 
Society  by  the  late  Joseph  Sabine,  F.K.S.,  and  in  the  12th 
volume  of  the  Transaciions  a  plate  was  given  of  the  bird, 
which  was  named  after  its  discoverer,  his  brother,  the  late 
Sir  Edward  Sabine,  who,  when  accompanying  the  expedition 
in  search  of  the  Korth-West  Passage,  obtained  it  in  July 
1818  on  some  small  locky  islands  off  the  west  coast  of  Green- 
land. 

The  first  British  example  of  this  bird  of  which  we  have 


SoMne's  OtUl  in  Adult  Plumage  in  tJie  Ide  of  Mull,     133 

any  authentic  record  was  an  immature  specimen  shot  in 
Belfast  Bay,  September  18,  1822,  and  recorded  by  Thompson 
in  the  third  volume  of  his  "Natural  History  of  Ireland" 
(p.  310).  I  have  compiled  a  list  of  some  nine  other  Irish 
and  twenty-four  English  specimens  obtained  since  that  year. 
Of  the  ten  Irish,  eight  were  killed  in  September  and  one  in 
October,  no  month  being  given  for  the  remaining  bird, 
autumn  only  being  added  for  date.  Six  of  these  were  taken 
in  the  neighbourhood  of  Dublin,  three  in  Donegal,  and  one 
in  County  Down.  It  is  certainly  strange  that,  whilst  nearly 
one-third  of  the  recorded  British  specimens  have  been 
obtained  in  the  west  and  north  of  Ireland,  until  last  year  it 
has  never  been  met  with  on  the  west  coast  of  Scotland.  Of 
the  twenty-four  English  specimens,  all  except  one  were  met 
with  in  the  months  of  September,  October,  and  November. 
Ten  of  these  were  obtained  on  the  west  and  south  coasts, 
extending  from  the  Bristol  Channel  to  Eastbourne,  and 
eleven  of  the  remainder  between  Scarborough  and  the  Thames ; 
the  Yorkshire  coast  being  credited  with  eight,  whilst  it  has 
been  obtained  in  such  inland  counties  as  Cambridgeshire, 
Shropshire,  and  Warwickshire. 

All  the  above  were  birds  in  the  plumage  of  the  first  year, 
with  the  exception  of  one  obtained  in  Bridlington  Bay  on 
August  10,  1872  (c/.  Zoologist,  1872,  p.  3316),  which  was  in 
full  summer  plumage,  and  it  is  strange  that  one  of  the  only 
five  known  instances  in  this  state  of  plumage  met  with  in 
Europe  was  a  male  obtained  off  the  coast  of  Brittany  on 
August  25,  1872,  just  fifteen  days  after. 

You  will  see  from  this  the  peculiar  interest  attached  to 
the  bird  now  before  you,  it  being  only  the  second  example 
obtained  in  Britain,  as  it  is  also  only  the  fifth  in  Europe  that 
has  reached  maturity. 

With  reference  to  the  records  of  this  bird  in  Europe,  it  is 
interesting  to  note  that  MUUer  obtained  it  at  Thorshavn, 
Faroes,  on  January  26,  1856.  It  has  not  been  found  in 
Sweden,  Norway,  or  Russia.  It  has  been  met  with  once  in 
the  island  of  Heligoland.  Dr  Altum  records  it  twice  in 
Munsterland.  One,  a  male  in  full  plumage,  has  no  locality 
given.    Holland,  Holstein  Hungary,  Picardy,  and  Dunkirk, 
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are  eteh  credited  iHth  an  example;  and  again,  Degknd 
mrationB  an  adnlt  shot  at  Eouen. 

The  trae  home  of  this  biid  is  on  the  borders  of  the  Arctic 
-Cirele;  and,  since  its  e^a  were  first  taken  by  Sabine,  on  the 
"west  coast  of  Oreenland,  it  has  been  found  breeding  on 
■  MelTille  Peninsular  by  Sir  Edward  Parry  ;  on  Cape  Dal- 
honsie  by  Sir  John  Biohardson  ;  on  Prince  Albert's  Land  (r/. 
O^itaiu  F^ldui,  ZociogtO,  1879,  p.  8)  in  Franklin  Bay,  and 
AlftiiTrft,  Middendorf  fonad  it  breeding  on  the  tundras  of  the 
Taimyr;  and  (he  lemoins  of  an  egg  takam  by  lam  vcie 
exhibited  by  Professor  Newton,  at  a  meetiiig  of  ttue  Zodo^uial 
Bodety,  on  December  10, 186L 

The  fev  ^s  that  are  to  be  found  in  odlectiam  vrae 
procozed  by  the  Arctic  Expedition  sent  oat  ^  Ae  instaaoB  <tf 
.tiie  Goyemment  of  the  United  States,  and  were  takeb-by-.'SCr 
B.  Mac&riane  in  Franklin  Bay  in  1865.  Tou  Mttaeam  Of 
Bcienoe  and  Ait  is  indebted  to  the  Smithsooian  ImtiSxIsn  nt 
Wadiington,  for  one  of  these  oological  treasaiee. 

In  ead.y  antumn  theae  Urde  migiate  soothwazda,  e^edaSy 
fidlowing  the  coast  lines  of  North  Ameriea.  It  has  occoned 
once  on  the  Bermudas,  and  lately  as  far  sontli  as  Pern,  in 
12°  S.  latitude. 

Through  the  kindnesa  of  Mr  Howard  Saunders,  I  am 
enabled  to  place  before  you  skins  of  Sabine's  Gull  in  three 
stages  of  plumage.  The  first  is  a  bird  of  the  year,  the  same 
as  the  bird  obtained  on  the  Forth.  It  was  killed  on  the 
Thames  in  1862  (c/.  Harting's  "  Birds  of  Middlesex,"  p.  251), 
The  second  in  breeding  plumage  is  like  the  Loch  Spelve 
specimen.  The  third  in  winter  dress,  was  killed  in  December 
at  Callao.  You  will  notice  that  it  has  lost  its  hood,  the 
forehead  especially  being  white,  whilst  the  nape  has  assumed 
black  feathers,  where  white  in  summer. 

In  this  stage,  until  a  very  few  years  ago,  the  bird  was 
unknown.  It  is  even  now  excessively  rare,  Mr  Howard 
Saunders  possessing  the  only  two  specimens  in  Europe — this 
being  one  of  them;  a  third  being  in  America. 

The  genua  Xema,  which  was  founded  by  Leach,  contains 
only  one  other  species  besides  X.  Sabinii,  namely,  the  Fork- 
tailed  Gull  (X  fara^vm,  Neboux),  a  bird  which,  were  it 
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not  for  the  white  feathers  at  the  base  of  the  upper  mandible 
and  the  absence  of  the  black  collar,  might  be  best  described 
as  "  a  gigantic  Sabine's  Gull."  Of  it  three  specimens  only 
are  known — one  in  Paris  —  the  type;  a  second  in  the 
British  Museum  from  the  Galapagos ;  and  a  third  from  Peru 
is  in  the  rich  collection  of  Gulls  belonging  to  Mr  Howard 
Saunders.  This,  a  bird  of  the  year,  is  figured  in  the  Pro- 
ceedings of  the  Zoological  Society  for  1882,  Plate  xxxiv. 
Nothing  is  known  of  its  breeding  haunts. 

In  the  list  of  occurrences  of  North  American  birds  in  Europe, 
so  carefully  compiled  by  Mr  J.  J.  Dalgleish,  mention  is  made 
of  two  species  of  North  American  Gulls  as  having  been  met 
with  in  Great  Britain,  and  it  was  to  one  of  these,  Bonaparte's 
Gull  {Larus  Philadelphia,  Ord.),  that  Mr  Champneys'  bird  was 
attributed,  until  I  saw  it  at  Mr  M'Culloch's  shop  in  Glasgow. 
As  Bonaparte's  Gull  has  most  undoubtedly  been  met  with  in 
Scotland,  and  as  it  bears  a  resemblance  in  many  ways  to 
Sabine's  Gull,  I  am  not  surprised  at  the  mistake.  I  have 
brought  skins  of  this  species  for  comparison. 

The  other  species  is  the  Laughing  Gull  {Larus  atricUla, 
linn.).  It  has  been  included  in  the  British  list  on  the 
authority  of  Montagu,  but  recent  writers  cure  agreed  that  the 
record  is  erroneous. 

The  bird  may  always  be  known  by  its  black  primaries,  the 
knowledge  of  which  fact  might  possibly  be  the  means  of  the 
bird  being  recognised,  should  it  ever  be  killed  on  the  British 
coast. 


XIV.  A  Revised  List  of  British  Ophiuroidea.  By  W.  E. 
HoYLE,  Esq.,  M.A.  (Oxon.),  F.E.S.E.,  M.E.C.S.,  Naturalist 
to  the  "  Challenger"  Commission. 

(Read  19th  March  1884.) 

No  attempt  appears  to  have  been  made  to  compile  a  com- 
plete list  of  the  Ophiuroids  which  frequent  our  seas,  since 
the  Eev.  A.  M.  Norman  published  one  nearly  twenty  years 
ago ;  ^  and  since  I  have  recently  had  the  opportunity  of  ex- 
amining the  collections  made  by  H.M.S.  "  Porcupine "  and 

^  Ann.  and  Mag.  Nat.  Hist,  ser.  3,  vol.  xv.,  pp.  104-116,  1866. 


"  Triton,"  it  occurred  to  me  that  a  list  with  such  additions 
as  were  made  by  these  expeditions,  or  conld  be  found  in 
the  recent  Hterature  of  the  subject,  might  not  be  without  use 
to  my  fellow- workers  in  this  field. 

The  meaning  of  the  word  "  British  "  used  in  the  title  of 
this  paper  perhaps  requires  a  little  definition.  Since  the 
channel  between  Scotland  and  the  Faroe  Islands,  1 
lying  within  a  short  distance  of  our  shores,  has  been  mainly 
explored  by  British  vessels,  it  has  appeared  desirable  to  in- 
clude it  I  have  thought  it  well  Bimilorly  to  i&dade  fonns 
from  off  the  west  ooaat  of  Ireland  and  Scotland  down  to  the 
600  fathom  line,  bat  only  very  few  have  o(Hne  under  mj 
notice  from  that  locality. 

For  remariES  on  the  relations  between  the  Biitiah  Ophia-' 
nridea  and  those  of  other  seas,  I  may  refer  to  the  Beport  on 
the  "  Triton  "  OpMuroidea.^ 

The  authors  to  whom  I  have  had  occasion  to  refer  will  be 
found  noted' in  Uie  body  of-  the  paper,  but  I  cannot  here- 
refrain  &om  alluding  to  the  great  obligation  under  which  all, 
who  are  interested  in  this  group  of  animals,  stand  to  Professor  ' 
Theodore  Lyman,  for  his  Report  upon  the  "  Challenger " 
Ophinroidea,  which  is  indeed  a  complete  monograph  of  the 
order.  I  have,  with  very  few  exceptions,  adopted  his  nomen- 
clature, and  the  number  of  times  bis  name  occurs  in  this 
paper  will  prove  my  indebtedness  to  his  great  work;  in 
addition  to  which  I  must  acknowledge  his  courtesy  in 
answering  certain  questions  which  I  put  to  him. 

Professor  Lyman  has  adopted  the  system  often  followed 
by  American  naturalists,  but  not  generally  adopted  in  this 
country,  of  quoting  as  the  authority  for  each  species  the 
name  of  the  observer  by  whom  the  combined  name  (generic 
and  specific)  was  first  used,  often  to  the  exclusion  of  the 
earliest  describer  of  the  species.  This  plan  seems  to  me  to 
present  certain  advanti^es,  but,  to  prevent  any  difficulty 
which  it  might  cause  to  British  naturalists,  I  have  placed 
the  name  of  the  authority  for  the  species  within  brackets 
when  the  generic  name  has  been  changed. 

In  conclusion,  I  have  to  express  my  thanks  to  Professor 

'  Hojle,  Prwj.  Boy.  Soo.,  Edittb.,  Jnno  18,  18Si. 
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F.  JeflEcey  Bell  for  some  references  and  localities  derived 
from  the  British  Museum  Collection;  to  the  Eev.  A.  M. 
Norman,  D.C.L.,  who  supplied  me  with  two  species  which  I 
had  overlooked,  and  also  with  a  good  deal  of  information 
ficom  Ms  own  notes,  which  has  been  hitherto  unpublished ; 
and  to  Professor  Steenstrup  for  the  opportunity  of  examining 
the  collection  in  the  Copenhagen  Museum. 

ASTEOPHYTID^. 

ASTERONYX. 

Asteronyx  Lov4ni,  Miill.  and  Tr. 

1842.  Asteronyx  Lovini,  Miill.  and  Tr.,  Syst  d.  Aster.,  p.  119. 

1861.  ,,  ,,      Stewart,  Ann.  Nat.  Hist.,  ser.  3,  vol.  viii.,  p.  77  ; 

Proc  Zool.  Soc.,  p.  96. 
1861.  ,,  ,,      Sars,  Overs.  Norges  Echin.,  p.  5,  pi.  i.,  figs.  1-5. 

1865.  „  ,,      Norman,  Ann.  and  Mag.  Nat.  Hist.,  ser.  3,  vol.  xv., 

p.  106. 
1882.  „  „       Lyman,  Zool.  Chall.  Exp.,  pt.  xiv.,  p.  285. 

Hahitat.  British  Seas.— The  Minch  (H.M.S.  "  Porcupine," 
1869) ;  Loch  Torridon,  Eoss-shire  (Stewart) ;  Aberdeen  (6. 
Sim).i 

Other  Localities. — Norwegian  coast  (Sars) ;  Finmark 
(Copenhagen  Museum). 

GORGONOCEPHALUS. 

Crorgonocephalus  eucnemis,  Lyman  (Miill.  and  Tr.). 

1780.  Asterioi  caput  medusoB,  Fabricius,  Fauna  Groenlandica,  No.  367. 
1834.  ,,  ,1  Dewhurst,  Nat.  Hist.  Ord.  Cetacea. 

1842.  Astrophytan  eucnemiSf  Miill.  and  Tr.,  Syst.  d.  Aster.,  p.  123. 
1858.  „  „  Ltk.,   Addit.  ad  Hist.,  pt.  i.,  p.    70,  pi.  ii., 

figs.  17-19. 
1   861.  ,,  ,,  Sars,  Overs.  Norges  Echin.,  p.  4. 

1865.  „  ),  Lyman,  III.  Cat.  Mus.  Comp.  Zool.,  No.   i., 

p.  181. 
1877.  t)  it  Marenzeller,    Denkschr.    d.    k.    Akad.    Wiss. 

Wien,  Bd.  xxxv.,  p.  283. 
1882.  ,,  ,,  Hoffmann,  Niederland.  Archiv  f.  Zool.,  Suppl.- 

Bd.  i.,  Lief.  3,  Echin.,  p.  2. 
1882.  Chrgonocephalus  eucnemis,  Lyman,  Zool.  Chall.  Exp.,  pt.  xiv.,  p.  263. 
1884.  „  „  Hoyle,  Proc.  Roy.  Soc,  Edinb.,  June  16. 

^  Zoologist,  p.  24,  1882. 
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Sdhtlai.  British  Seas. — Serai  Bpmmem  of  Ihis  gfiei^eii 
were  diedged  bj  H.M.S.  ^^TnUm,"*  bam  0210  stidacnit incite 
wwrni  asea  of  the  FarOe  Channel;  depth,  ^3  fiitiiolaa   > 

Other  Localities. — Greenland,  both  eactom  and  wmslb^sm 
coasts  (Ltl&en) ;  *'  Yalorons "  Expedition (Normaa)^^  Hcttlii- 
East  .Aiai^ca  (liiitken). 

OorffonoeephcUui  Linddi,  Ljman  (Mtill.  and  Tr.). 

178dw  Astrophyton  aaUaiim  (pan),  linck,  De  StelliB  HariniB,  pL  xiz.,  No. 

48. 
)766.  Aderias  ec^pui  nuduam  (?),  lann^,  Fauna  Saedca,  No.  2115. 
If77.  AatrophyUm  arh&reaoens,  Pemnant  (noii  Bondd,  nee  MftlL  and  Tr. ),  Brittali 

Zoology,  vol.  iy.,  p.  67,  No.  78. 
1841*         „  teutatwm,  Forbee,  B^ntisli  Starfisliea,  p.  97. 

1842.         „  idaukU,  HHU.  and  Tr.,  Syst  d.  Aator.,  p.  122. 

1865.         „  „        Lyman,  HL  Cat  Hits.  Oomp.  ZooL,  No.  L,  p.  190. 

1865.         ,9'  9,       Noimaii,  Ann.  and  Mag.  Nat  Hist,  ser.  8,'Tc4 

IT.,  p.  105. 
1882.  Chrgonoci^phalua  lAnekii,  Lyman,  ZooL  ChaU.  Ezp.,  pt  zir.,  p.  264. 
1884.  „  „       Hoyle,  Proc.  Boy.  Soc,  Edinb.,  Jnne  16. 

'  StabikU.     British    Seas.  — Cornwall,    Shetland,    Orkoey 
(Forbes) ;  Very  rare. 

Ofeher  Localities. — ^Norwegian  coast  to  150  fathoms  (Sars, 
Norman). 


OPHIUEID.E. 

Amphiura. 
Amphiura  bellis,  Lyman,  var.  tritonis, 

1882.  Amphiura  bellis,  Lyman,  Zool.  ChaU.  Exp.,  pt  xiv.,  p.  127. 

1884.  „  „      var.  tritonis,  Hoyle,  Proc.  Roy.  Soc,  Edinb.,  Jnne  16. 

Habitat,  British  Seas.T— One  specimen  was  dredged  by 
H.M.S.  "Triton,"  from  a  station  in  the  warm  area  of  the 
Faroe  Channel;  depth,  516  fathoms  (Hoyle). 

Other  Localities. — Previously  this  species  had  only  been 
found  at  three  "  Challenger "  stations — one  off  the  Fiji 
Islands,  depth  210  to  610  fathoms,  the  specimens  from  which 
are  marked  "var.  ?";  the  other  two  near  the  coast  of  Japan; 
depths,  345  and  420  to  775  fathoms  (Lyman). 

*  Proc.  Roy.  Soc,  Lond.,  vol.  xxv.,  p.  208,  1865. 
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Amphiii/ra  borealis,  Lyman  (Sars). 

1871.  OphiopeUis  borealiSf  Sars,  Nye  Echin.,  p.  16. 

1882.  Amphiura       „       Lymao,  ZooL  ChalL  Exp.,  pt  ziy.,  p.  144. 

Habitat.  British  Seas. — One  station  on  the  border  of  the 
c5old  area  of  the  Faroe  Channel ;  depth,  203  fathoms. 

Other  Localities. — Lofoten  Islands,  80  to  400  fathoms 
(Sars) ;  Kors  Fjord,  Norway,  120  fathoms  (Norman). 

Amphiura  Chiajii,  Forbes. 

1825.  AsteHas  JUiformiSf  Delle  Chiaje,  Mem.  stor.  anat.  anim.  Napoli,  t  ii., 

p.  359. 
1841.  Ophiocoma  punctataf  Forbes,  British  Starfishes,  p.  37  (YouDg?). 
1843.  Amphiura  Chiajii^  Id.,  Trans.  Linn.  Soc.,  Lond.,  vol.  xiz.,  p.  151, 

pi.  xiv.,  figs.  14-18. 
1843.  „         flcyrifera  (?),  Id.,  Ibid.,  p.  150. 

1857.  „  Chiajii,  Sars,  Middelhavets  Litt.  Fauna,  p.  86. 

1858.  ,,  Chiajei,  Ltk.,  Addit.  ad  Hist.  Ophiurid.,  pt  i.,  p.  57,  pi.  ii., 

fig.  12. 
1865.  ,,  ,,       Lyman,  IlL  Cat.  Mus.  Comp.  ZooL,  No.  i.,p.  119. 

1865.         ,,  ,,      Norman,  Ann.  and  Mag.  Nat.  Hist,  ser.  3,  vol. 

XV.,  p.  107. 
1869.  „         Stepanovii,  Tschemiawsky,  Protocol  d.  Moskaner  Naturf. 

Versamml. 
1879.         ,,         Chiajei,  Ludwig,  Mittheil.  d.  zooL  Stat.  Neapel,  Bd.  i., 

p.  550. 

1881.  ,,  ,,      Leslie  and  Herdman,  Proc.  Roy.  Phys.  Soc,  Edinb., 

vol.  vi.,  p.  88. 

1882.  ,,  ,,      Lyman,  ZooL  Chall.  Exp.,  pt.  xiv.,  p.  142. 
1884.         „               ,,      Hoyle,  Proc.  Roy.  Soc,  Edinb.,  June  16. 

Habitat  British  Seas. — Shetland,  Durham,  and  Northum- 
berland coasts,  Clyde,  Killary  Sound,  Ireland  (Norman) ; 
Inveraray  and  Oban  (D.  Eobertson);  Hebrides  (Forbes)^; 
Firth  of  Forth  (Leslie  and  Herdman) ;  Faroe  Channel,  Loch 
linnhe  (Hoyle).  The  species  was  dredged  by  H.M.S. 
*'  Triton  "  in  the  warm  area  of  the  Faroe  Channel  from  555 
fathoms,  the  greatest  depth  hitherto  recorded. 

Other  Localities. — Scandinavian  coast  (Sars),  down  to  200 
fathoms  (Norman) ;  Black  Sea  (Tschemiawsky) ;  Mediter- 
ranean, down  to  100  fathoms  (Ludwig) ;  Trieste  (Copenhagen 
Museum). 

^  Norman,  loc.  eit.,  p.  108. 
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Amphvwm  JUifomiis,  Forbes  (0.  E.  Mtiller). 

1776.  AiieriaaJUiformia,  0.  F.  H«U.,  Zool.  Bul  Brbdr.,  pt  28& 


1801.  OpMura 

1841.  QpAioooma 

1842.  QpAia2^ 

1843.  Am^^kiwm 
1867. 
1858. 


f» 


1885. 
1865. 

1866. 
1879. 
1881. 

1882. 
1884. 
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Lunek.,  Hist  siiim.  sans  Yert.,  t.  u.,  p.  546. 

Forbes,  British  Starfishes,  p.  40. 

MAIL  and  Tr.,  Syst  d.  Aster.,  p.  94. 

Forbes,  Trans.  linn.  Soa,.IiOiid.,  rd.  xiz.,  p.  I51» 

Sars,  Middelhayets  litt.  Fauna,  p.  84. 

Ltk.,  Addit.  ad  Hist  Ophior.,  pt  i,  p.  56,  pL  iL, 

figs.  11  a,  ^. 
Lyman,  HL  Cat  Mus.  Comp.  ZooL,  No.  i,  p.  116. 
Norman,  Ann.  and  Mag.  Nat  Hist,  see  8,  toL  xv., 

p.  107. 
Ijn.,  Oph.  viv.,  p.  821.  * 

Lndwig,  lOtthdL  d.  zooL  Stat  Neapel,  Bd.  i,  p.  549. 
Leslie  and  Herdman,  Froc  Boy.  Phya.  Soc,  Bdimbw, 

ToL  vii,  p.  88. 
Lyman,  ZooL  ChalL  Ezp.,  pt  xir.,  p.  144. 
Hoyle,  Proc  Boy.  Soc,  Edinb.,  June  16. 


1861. 
1866. 


tt 
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EabUat.  British  Seas.— **  Shetland,  Firth  of  Clyde,  Dur- 
ham and  Northumberland  coasts  (Norman) ;  "^  Eirth  of  Fc»rth 
(Leslie  and  Herdman);  Faroe  Channel,,  warm  area,  555 
&thoms  (Hoyle) ;  Kenamre,  Ireland  (B.  M,  ColL). 

Otiier  Localities. — Near  Bukken,  Norway,  20  fathoms 
(Norman)  ;  Mediterranean,  5-100  fathoms  (Ludwig). 

Amphiura  securigera,  Lyman  (Diib.  and  Kor.). 

1846.  Ophiopeltis  securigera,  Diib.  and  Kor.,  Ofversigt  Skand.  Echin.,  p.  236, 

pi.  vi.,  figs.  3-5. 
Sars,  Oversigt  Norges  Echin.,  p.  14. 
Norman,  Ann.  and  Mag.  Nat.  Hist.,  ser.  3,  vol. 

XV.,  p.  111. 
Ljn.,  Oph.  viv.,  p.  321. 
Lyman,  ZooL  Chall.  Exp.,  pt.  xiv.,  p.  148. 

Habitat.  British  Seas. — This  species  was  first  dredged  near 
our  coasts  by  Dr  Gwyn  Jeffreys  and  the  Eev.  Dr  Norman, 
"  six  miles  to  the  north  of  the  Whalsey  Lighthouse,  Shetland, 
in  40-50  fathoms,"  ^  after  which  it  was  obtained  by  H.M.S. 
"  Porcupine  "  in  1869.^ 

1  Dr  Norman's  paper  has  in  addition  "  Killary  and  other  marine  loughs  of 
Gonnemara  (Forbes),"  but  he  now  writes  to  me,  "  Since  my  paper  was  written 
I  have  been  to  Killary,  and  find  that  the  Amphiura,  which  is  very  abundant 
there,  is  A,  Chiajei,  not  A,  Jiliformis," 

'  Norman,  loc,  cit, 

>  Depths  of  the  Sea,  p.  124 ;  1878,  London. 


1866.  ,, 

1882.  Amphiura 
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Other  Localities. — Hvidingso,  near  Stavanger  (Diib.  and 
Kor.) ;  near  Bergen  and  Lofoten  (Sars). 

Amphiura  elegans,  Norman  (Leach). 

1815.  Ophmra  deganSf  Leach,  Zool.  MiscelL,  vol.  iL,  p.  59. 

1825.  Asterias  aqiiamata,  Delle  Chiaje,  Mem.  stor.  anat.  anim.  Napoli,  vol. 

iii.,  p.  77,  pi.  xxxiv.,  fig.  1. 
1835.  Ophiura  neglecta,  Johnston,  Mag.  Nat  Hist,  vol.  viii.,  p.  467. 

1840.  „       moniliformis^  Grube,  Aktin.  Echin.  n.  Wiinn.,  p.  18. 

1841.  Ophiocoma  neglecta,  Forbes,  British  Starfishes,  p.  30. 

1842.  Ophiolepis  squainata,  Miill.  and  Tr.,  Wiegmann,  Archiv  f.  Naturgesch., 

vol.  vi.,  p.  328 ;  Syst  d.  Aster.,  p.  92. 
1845.  Amphiura  neglecta,  Forbes,  Trans.  Linn.  Soc.,  Lond.,  vol.  zix.,  p.  150. 
1851.  Ophiol^na  tenuis,  Ayres,  Proc.  Bost  Soc.  Nat.  Hist,  voL  iv.,  p.  133. 
1857.         „         squamutaf  Sars,  Middelhavets  Litt.  Fauna,  p.  84. 
1859.  Amphiura  tenuis^  Lyman,  Proc.  Bost.  Soc.  Nat.  Hist.,  vol.  vii.,  p.  194. 
1861.         „  squaTnata^  Sars,  Oversigt  Norges  Echin.,  p.  21. 

1865.  ,,  elegans,  Norman,  Proc.  Roy.  Soc,  vol.  xxv.,  p.  215 ;  Ann. 

and  Mag.  Nat.  Hist.,  ser.  3,  vol.  zv.,  p.  109. 
1871.  Amphipolis     „       Ltk.,  Yidensk.  Meddel.,  p.  140. 
1871.  ,i  Kinbergi,   Ijn.,   Ofvers.    E.   Yetensk.   Akad.   Forhandl., 

p.  646. 
1871.  tt  qppressa,  Id.,  Ibid.,  p.  647. 

1871.  n  lineata,  Id.,  Ibid.,  p.  634. 

1880.  Amphiura  negUda,  Herdman,  Proc.  Roy.  Phys.  Soc,  Edinb.,  vol.  v., 

p.  201. 

1881.  „         squamata,  Leslie  and  Herdman,  Ibid,,  vol.  vi.,  p.  88. 

1882.  ,,  ,,  Lyman,  Zool.  Chall.  Exp.,  pt  xiv.,  p.  136. 

Hcbbitat  British  Seas. — On  all  coasts  (Forbes,  Norman) ; 
Scarborough  (B.  M.  Coll.) ;  Firth  of  Forth  (Leslie  and  Herd- 
man). 

Other  Localities. — Mediterranean,  Scandivanian  Coast 
(Norman) ;  Cape  of  Good  Hope,  98  fathoms ;  off  S.E.  Aus- 
tralia,  120  fathoms  (Lyman) ;  North-East  America  (Verrill). 

Amphiura  tenuispina,  Ljn. 

1864.  Amphiura  tenuispina,  Ljn.,  Ofversigt  K.  Akad.  Vetensk.,  p.  360. 

1866.  ,,         sqtuimata  (var.  ?),  ljn.,  Oph.  viv.,  p.  313. 

1868.  „         tenuispina,  Norman,  Last  Shetland  Dredging  Report,  Brit. 

Assoc.  Rep.,  p.  340. 
1871.  Amphipholis      „         Ljn.,  Ofversigt  K.  Akad.  Vetensk.,  p.  633. 
1882.  „  ,,         Lyman,  Zool.  Chall.  Exp.,  pt.  xiv.,  p.  146. 

1882.  ,,  elegans,  var.  tenuispina,  Verrill,  Amer.  Jonm.  Sci.  and 

Arts,  vol.  xxiii.,  p.  219. 

HaUtat.    British  Seas; — Shetland  (Norman). 
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Otih^  Lacalitie&----Norway,  60-300  fothams  (Lysiiim) 
Hardanger  and  Christiania  Fjords,  50-180  fathoms  (Nonxum^ 
North-East  America,  120-487  fathoms  (Yeirill). 

Ofhiacantha. 
OphmcanOui  aJygmcola^  Sars. 

1871.  Of^iacmiha  tibysrieola,  Stan,  Nye  EchiiL,  pi.  8. 

1882.  ,,  „         Lyman,  ZooL  ChalL  £zp.,  pt  xir.,  p.  199. 

1884.  „  „        Hoyle,  Firoc  Boy.  Soe.,  Edinb.,  June  16. 

ffahUat.  British  Seas.— The  Faroe  Channel,  203-458 
faUioms  (''Porcupine"  Expedition). 

Other  Localities. — ^Bodo,  80-100  fatho9is;  Lctfoten  Islands, 
120-300  &thoms  (Sars), 

OpJiiaeantha  UdmUxta,  Ijn.  (Retz.). 

1806.  Asterias  Mdentata,  Bete.,  Diaa.,  p.  83. 

1817.  Ofphmra  SetsfU,  NUsaon,  Colleotanea  Zoologiffi  SeandinaTiffi,  p.  15. 

1842.  Ophiacantha  ipinulaaa,  HiiU.  and  Tr.,  Syst  d.  Aaier.,  p.  107. 

1842.  Ophioeoma  arcHca,  Id,,  Hid,,  p.  103. 

1844.  OpMcboantha  gr&nJ^mddoa,  Id,,  Archiv  f.  Katmgeaeli.,  p.  183. 

1852.  Ophioeoma  echimUcOa,  Forbes,  Sutherland's  Jonm.  Yoy.  Baffin's  Bay, 

vol.  ii.,  p.  ccxv.  (App.). 
1858.  Ophiaamtha  spintdosa,  Ltk.,  Addit.  ad.   Hist.,  pt.  i.,  p.  65,  pi.  ii., 

fig.  14. 
,,         Sars,  Oversigt  Norges  Echin.,  p.  13. 
„         Lyman,  IlL  Cat.  Mus,  Comp.  Zool.,  Na  i.,  p. 
93,  figs.  6,  7. 
MdentcUa,  Ljn.,  Ofversigt  K.  Akad.  Vetensk.,  p.  652. 
spinulosa,   Marenzeller,   Denkschr.   d.  k.    Akad.  Wiss. 
Wien,  Bd.  xxxv.,  p.  282. 
„         Duncan    and    Sladen,    Mem.    Echin.    West 
Green!.,  p.  68. 
bidentata,  Lyman,  Zool.  ChalL  Exp.,  pt.  xiv.,  p.  186. 

,,        Id,,  Proc.  Roy.  Soc,  Edinb.,  vol.  xi.,  p.  707. 
spinulosa,  Hoffmann,  Niederland.  Archiv  f.  ZooL,  Suppl.- 
Bd.  i.,  Lief.  3,  Echin.,  p.  3. 
,,        Lyman,  Bull.  Mus.  Comp.  Zool.,  vol.  x.,  No. 
6,  p.  260. 
bide7ttata,  Hoyle,  Proc.  Roy.  Soc,  Edinb.,  June  16. 

Habitat  British  Seas. — This  species  has  been  obtained  in 
both  ai'eas  of  the  Faroe  Channel  at  depths  varying  from  203 
'to  515  fathoms  (Lyman,  Hoyle). 

Other  Localities.— Three  "  Challenger  "  and  eight  "  Blake  " 


1861. 

1865. 

1871. 

1877. 

1881. 

1882. 

1882. 

1882. 

1883. 

1884. 
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stations  off  the  ^ast  coast  of  North  America,  depths  83  to 
1350  fathoms  (Lyman) ;  Scandinavian  coast,  20-180  fathoms 
(Sara,  Norman) ;  Barents  Sea  (Hofifmann)  ;  Spitzbergen,  Fin- 
mark,  both  east  and  west  coasts  of  Greenland,  20-85  fathoms 
(Ltitken,  Duncan  and  Sladen) ;  North  Atlantic,  2435  fathoms 
(H.M.S. ''  Porcupine,"  1869).^ 

Ophiacantha  spedabUis,  Sars. 

1871.  OphiaeantJia  spectdbilis,  Sars,  Nye  Echin.,  p.  10. 

1882.  ,,  „        Lyman,  Zool.  Chall.  Exp.,  pt.  xiv.,  p.  198. 

1884.  „  ,,        Hoyle,  Proc.  Roy.  Soc.,  Edinb.,  June  16. 

HaMtat,  British  Seas. — ^Faroe  Channel,  one  station  in  the 
warm  area ;  depth,  433  fathoms  (Hoyle). 

Other  Localities. — Bodo,  coast  of  Norway,  80-100  fathoms 
(Sars). 

Ophiactis. 
Ophiactis  abyssicola,  Ljn.  (Sars). 

1861.  Amphiura  abyssicola,  Sars,  Oversigt  Norges  Echin.,  p.  18. 


1865. 

Ophiocnida 

f » 

Lyman,    111.  Cat.   Mus.   Comp.    Zool.,  No.  i., 

p.  12. 
ljn.,  Oph.  viv.,  p.  324. 

1866. 

Ophiactis 

M 

1882. 

If 

»» 

Lyman,  Zool.  Chall.  Exp.,  pt  xiv.,  p.  122. 

1882. 

>» 

>} 

Id.,  Proc.  Roy.  Soc,  Edinb.,  vol.  xi.,  p.  707. 

1884. 

n 

)> 

Hoyle,  IHd.,  June  16. 

HaMtat.  British  Seas. — ^This  species  has  hitherto  been 
recorded  only  from  the  Faroe  Channel,  from  eight  stations  in 
the  warm  area ;  depths,  433  to  767  fathoms ;  and  from  four 
stations  in  the  cold  area,  depths  327  to  384  fathoms  (Lyman, 
Hoyle)  ;  as  well  as  from  two  "  Porcupine  "  stations  east  of  the 
Shetlands,  depths  64  and  75  fathoms  (Hoyle). 

Other  Localities. — Off  Aalesund  and  Lofoten  (Sars) ;  near 
Bukken  and  in  the  Hardanger  Fjord,  80-110  fathoms  (Nor- 
man); 8  miles  from  Storeggen,  400  fathoms  (Copenhagen 
Museum). 

Ophiactis  Ballii,  Ltk.  (Thomps.). 

1840.  Ophiocoma  Ballii,  Thompson,  Ann.  and  Mag.  Nat.  Hist.,  vol.  v.,  p.  99. 

1841.  ,,         Ooodsiri,  Forbes,  British  Starfishes,  p.  57. 

1842.  OphioUpis  Ballii  smd  Goodsiriy  Miill.  and  Tr.,  Syst  d.  Aster.,  p.  97. 
1848.  Ophiopolis     ,,  ,,         Gray,  Brit.  Mus.  Cat.,  p.  25. 

^  Depths  of  the  Sea,  p.  97 ;  1873,  London. 
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1967.  Am^flditrit  Sam,  BtM,  maa^ai^^ 

181^  Opkiaetii  .  „  Ltk.,  Addit  ad.  Hlst»  pt  ii>  p^  191 

1861.  An^9h4wra  „  Sazs,  OTendgt  Hotges  Eehiii.,  pp.  17t  SN)l 

18(15.         „  „  Norman,  Ann.  and  Mag.  Hat  Hiat,  aer.  S,  toL 

ZT.»  p.  109. 

1865.  Ophiocn4da  i,  Lyman,  DL  Oit.  Kna.  0<»ip.  Zoot,  Fow  L,  pw  12. 

1882.  QpAtoetif  „  Id.,  ZooL  GhiOL  Ezp.,  pt  ziy*,  p.  IJO^ 
1884.        M  ,,  Hoyle,  Proc.  Boy.  Soc.,  Sdinb.,  June  16. 

HiaJntoL  British  Seas. — Shetland;  ""off  the  coasts  of 
Dtirham  and  !N^pr&iunberland  (Norman) ;  Moray  Firth  (Mr 
T.  Edward);  Dublhi  (Dr  Ball);''^  Anstaruther  QTorbes  OoU. 
K  M.) ;  Farde  Channel,  both  warm  and  odd  areas,  in  the 
former  of  which  it  was  dredged  by  H31S. ''  Porcupine  "  from 
a  depth  of  363  £E^oms^  veiy  rare. 

Other  Localities. — Scandinavian  coast  (DUben  and  Kor^i)^ 
down  to  190  fathoms  (Norman) ;  North  Atlantic,  depth  46 
to  50  fathoms  (Lyman).  . 

OraiOBTBSA 

Ophidbyrsa  hysirids,  Lyman. 

1888.  Ophiobyraa  hystrids,  Lyman,  Bull.  Mus.  Comp.  ZooL,  vol.  x..  No.  6, 

p.  272. 
1884.  „  „        Hoyle,  Proc.  Eoy.  See,  Edinb.,  June  16. 

Habitat  British  Seas. — Hitherto  this  species  has  only 
been  dredged  at  one  station  in  the  cold  area  of  the  Faroe 
Channel  from  a  depth  of  345  fathoms.  It  is  mentioned  by 
Sir  Wyville  Thomson  in  his  account  of  the  "Porcupine" 
cruise  as  being  nearly  allied  to  Ophiomyxa,  but  no  name  is 
given  to  it.^ 

Other  representatives  of  the  genus  are  found  off  Australia 
and  the  West  Lidies  (Lyman). 

Ophiochiton. 
Ophiochiton  tenuispinus,  Lyman. 

1883.  Ophioi^iton  tenuispi/nus,  Lyman,  Bull.  Mus.  Comp.  Zoo].,  vol.  x..  No. 

6,  p.  255,  pi.  v.,  figs.  67-69. 

}  Norman,  loe,  cU, 
'  Depths  of  the  Sea,  p.  123  ;  1873,  London. 
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Habitat  British  Seas. — One  specimen  of  this  species  was 
dredged  at  one  station  in  the  "Porcupine"  Expedition  of 
1869,  south-west  of  Ireland,  862  fathoms. 

Other  Localities. — None. 

"  The  genus  is  new  to  north  European  waters "  (Lyman). 
Hitherto  only  two  species  have  been  described — one,  0, 
fastigatvs^  from  the  J3ya/o7te77ia-ground  south  of  Japan,  345 
fathoms,  and  from  the  south-west  of  Papua,  800  fathoms ; 
the  other,  0,  lentus,  from  600  fathoms,  near  the  Eermadec 
Islands.^ 

Ophiocnida. 
Ophiocnida  brachiata,  Lyman  (Montagu). 

1804.  Aateritu  hrachiaiay  Montagu,  Trans.  Linn.  Soc.  Lond.,  vol.  vii.,  p.  84. 

1841.  Ophioeoma    ,,         Forbes,  British  Starfishes,  p.  45. 

1842.  (^fhiolqns     ,,         MulL  and  Tr.,  Syst.  d.  Aster.,  p.  96. 

1857.  Amphiura  NtapolUaiia,  Sars,  Middelhavets  Litt.  Fauna,  p.  91,  pi.  i., 

figs.  11-15. 
1859.  „  „  Ltk.,  Addit.  ad  Hist,  pt  iL,  p.  114. 

1859.  „         Ira^chicUc^  Id.,  Ibid, 

1865.  ,,  „         Norman,  Ann.   and  Mag.   Nat    Hist.,   ser.   8, 

voL  XV.,  p.  109. 
1865.  Ophiocnida  neapolitana,  Lyman,  111.  Cat.  Mas.  Comp.  ZooL,  No.  i., 

p.  12. 

1865.  „         brcuhiata,  Id.,  Ibid. 

1866.  „  ,,  Ljn.,  Oph.  viv.,  p.  817. 

1879.  „  „         Ludwig,  Mittheil.  d.  zool.  Stat  Neapel;  Bd.  L, 

p.  650. 

1881.  „  „         Leslie   and  Herdman,   Proc.   Roy.  Phys.  Soc., 

Edinb.,  voL  vi,  p.  89. 

1882.  „  ,,         Lyman,  Zool.  Chall.  Exp.,  pt  xiy.,  p.  155. 

Hahiiat.  British  Seas. — Salcombe  Bay^  (Montagu) ;  Coast 
of  Down  and  Antrim  (Thompson) ;  Firth  of  Forth  (Leslie  and 
Herdman). 

Other  Localities. — Mediterranean  (Sars),  20  fathoms  (Lud- 
wig) ;  North  European  Seas  (Lyman). 

^  Lyman,  Zool.  Chall.  Exp.,  pt  xiv.,  pp.  176-178. 

'  Bnried  in  the  sand  in  pools  at  extreme  low-water  spring  tides,  the  tips  of 
the  arms  only  appearing  above  the  surface.  I  went  to  Salcombe  in  1876  for 
the  special  purpose  of  rediscovering  this  and  one  or  two  other  of  Montagu's 
species  in  that  locality  (Norman). 

VOL.  vin.  K 


cecdiwja  of  Ike  Boyal  PhysiccU  Society. 


OpniocoMA. 
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Ophiocoma  nigra,  MiilL  and  Tr.  (0.  F.  MiiU.)- 
1789.   Asterias  nigra,  Mftller,  ZooL  Dan.,  vol.  iii.,  p.  20,  pL  leiii.,  figs.  1-J. 
1828.  OpMara  granalata,  Fleming,  Britisli  Animuls,  p.  i88. 
18^0.   Ophiocoma  nfjra,  Moll,  and  Tr.,  Archiv  f,  Naturgeacli.,  p.  828. 
1S41.  „         gramilata,  Fuibes  (ncn  Linck),  British  Storfiahes,  p.  SO. 

1842,  ,,         Nilmni,  MiiU.  andTr.,  Syst.  d.  Aster,,  p.  100. 

1842.  ,,  nigra.  Id.,  Hid. 

1865.  ,,  „     Lyman,  111.  Cat.  Mde.  Comp.  Zool.,  No.  i,  p.  81. 

1865.  „  ,,     Norman,  Aau.  and  Mag.  Nat.  Hist.,  ser.  3,  vol.  xr., 

p.  111. 

1880.  ,.  ,,     Herdnmo,  Prnc.   Roy.   Phys.   Soe,,  Ediub.,  vol,  ?., 

p.  201. 

1881.  ,,  ,,     Leslie  nnd  Herdman,  Ibid.,  vol.  ti.,  p.  88, 
1883.           ,,              „     Lyman,  Zool.  Clictll.  Eirp,,  pt,  niv.,  p.  172. 

Id.,  Proo,  Roy.  Soc,  Edinb.,  vol.  iL,  p.  707. 

1882.  ,,  „     HaH'mann,  NiederUnd.  Archiv  t  Zool.  8uppI.-Bd.  i.. 

Lief.  3,  Echin.,  p,  4. 
18S4,  „  „    Hojlo,  Prac.  Koy.  Sue.,  Kdiiib.,  Juneie. 

HaMlat.  Britiah  Seas. — Shetlaod  and  other  localities  on 
British  shore,  "  open  aea  and  salt  water  locha  in  from  7  to  30 
i'athoma  water "  (Forbes) ;  Lamlash  Bay,  Arran,  Firth  of 
Forth  (Leslie  and  Herdman) ;  Faroe  Channel,  53  fathoms 
(Lyman),  87  fathoms  (Hoyle) ;  Falmouth  (E.  M.  Coll.). 

Other  Localities. — Scandinavia  (Sara) ;  Bergen  and  Chris- 
tiania  (Copenhagen  Museum) ;  North  European  Seas 
(Lyman) ;  Barents  Sea  (Hoffmann). 

Ophiocteh. 

Ophiocten  sericeum,  Ljn.  (Forbes). 
18S2.  Opkitira  lerUea,  Forbes,  Sutherland's  Jonm.  Voy.  Baffin's  Bay,  voL  ii., 

p,  ccxT.  (App.). 
186*.  Ophiodea  krSyeri,  Ltk.,  Tidensk.  Meddel.,  p.  102. 
1858.        „  „      J^,  Addit,  adHiBt,pt.i.,  p.  52,  pLi.,flga.  6o-M. 

1864.  ,,        serieeuim,  I^jq.,  Ofvsraigt  K.  Akad.  VBtemk,,  p.  860. 

1865.  „         krUyeri,  Lyman,  111.  Cat.  Mus.  Comp.  Zool.,  No.  i.,  p.  68. 

1877.  „  ,,        Marenzeller,  Denkschr.  d,  k,  Akad.  Wisa.  Wion,  Bd, 

uiv.,  p.  282. 

1878,  ,,       sericeum,  Lyman,  Bull.  Mns.  Comp.  Zool.,  rol.  v.,  No,  7,  p.  102. 

1881.  ,,  ,,         DuncajiandSUdeD,  Mem,  Ecbin.  WeBtGreBal,,p.66. 

1882.  ,,  „         Lyman,  Zool.  Cball,  Eip.,  pt.  art.,  p.  79. 

1882.         „  „         Hoffmann,  Niaderllnd,  Atchiv  t,  Zool.,  Suppl.-Bd. 

L,  Lief,  3,  Echin.,  p.  3. 
18S4.         „  „         Hoyle,  Proc  Eoy,  Soc,  £dinb,,  June  IS, 
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Habitat,  British  Seas. — One  station  in  warm  area  of  the 
Faroe  Channel ;  depth,  542  fathoms. 

Other  Localities. — Both  eastern  and  western  coasts  of 
Greenland  (Duncan  and  Sladen,  Liitken);  Spitzbergen 
(Ltitken) ;  Barents  Sea  (Hoffmann) ;  Hardanger  Fjord,  Nor- 
way, 180  fathoms  (Norman) ;  North  Atlantic,  2435  fathoms 
(H.M.S.  "  Porcupine,"  1869).^ 

Ophioglypha. 
Ophioglypha  affiniSy  Lyman  (Ltk.). 

1858.  Ophiura  affinis,  Ltk.,  Addit.  ad  Hist,  pt.  i.,  p.  45,  pi.  ii.,  figs.  10a,  &. 

1862.  „       Onibei,  Heller,  Lit.  Fauna  d.  Adriat.  Meeres,  p.  431,  pi.  ii., 

figs.  18-16. 

1863.  „       Normaimi,  Hodge,  Trans.  Tyneside  Nat.  F.  Club,  vol.  v.,  pt. 

4,  p.  296. 
1865.        „       affinist  Norman,  Ann.  and  Mag.  Nat.  Hist.,  ser.  3,  vol.  xv., 

p.  113. 

1865.  Ophioglypha  affinis,  Lyman,  III.  Cat.  Mus.  Comp.  Zool.,  No.  i.,  p.  62. 
1879.  „  ,,      Ludwig,  MittheiL  d.  zool.  Stat.  Neapel,  Bd.  i., 

p.  547. 

1881.  ,,  ,,      Leslie   and   Herdman,    Proc.   Boy.  Phys.   Soc, 

Edinb. ,  vol.  vi. ,  p.  87. 

1882.  „  ,,      Lyman,  Zool.  Chall.  Exp.,  pt.  xiv.,  p.  77. 
1884.            ,,  „      Hoyle,  Proc.  Roy.  Soc.,  Edinb.,  June  16. 

Habitat.  British  Seas. — Firth  of  Clyde,  Shetland,  Nor- 
thumberland coasts  (Norman);  Firth  of  Forth  (Leslie  and 
Herdman). 

Other  Localities. — Mediterranean  (Ludwig,  Heller) ;  Nor- 
wegian and  Danish  coasts  (Ltitken^  Norman) ;  North-East 
America  (Lyman). 

The  greatest  depth  hitherto  recorded  for  this  species  ap- 
pears to  be  192  fathoms  (Lyman). 

Ophioglypha  albida,  Lyman  (Forbes). 

1816.  Ophiitra  texturata  (pars),  Lamck.,  Hist  Anim.  sans  Vert.,  vol.  ii., 

p.  642. 
1829.        ,,        alUday  Forbes,  Mem.  Wern.  Soc,  vol.  viii.,  p.  126,  pi.  iv., 

figs.  6,  6. 
1841.        ,,  „        Id.t  British  Starfishes,  p.  27. 

1868.         „  ,,        Ltk.,  Addit.  ad  Hist.,  pt.  i.,  p.  89,  pi.  1.,  figs.  2a,  h, 

1866.  ,,  „        Norman,  Ann.  and  Mag.  Nat.  Hist.,  ser.  8,  vol.  xv., 

p.  113. 

^  Depths  of  the  Sea,  p.  97  ;  1878,  London. 
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1805.  Opkiaghjpha  albida,  Lymin,  111.  Cat.  Mua.  Comp.  Zool.,  No.  i.,  p.  49. 

1880.  ,,  ,,       Hetdman,  Proc.  Koy.  Pbjs.  Soc,,  EJiub.,  vol.  v., 

p.  200. 

1881.  ,,  „       LeBlioaudHerilmaii,  Tiirf.,  vol.  tI,,  p.  87. 

1882.  ,,  „       Lyman,  Zool.  Cball.  Kxp.,  pt.  xiv.,  p.  76. 
188*.            ,,  „      Hojle,  PtoE.  Hoy.  Soc,  Edinb.,  June  18. 

Hahiiat.  Britiab  Seas. — "  Every  part  of  our  coast "  (Nor- 
man) ;  Firth  of  Forth,  Lamlash  Bay,  Arran  (Leslie  and  Herd- 
man)  ;  Faroe  Channel,  458  fathoma  (Hoyle). 

Other  Localities. — Sound  (Copenhagen  Museum) ;  North 
European  Seas,  Mediterranean,  5-250  fathoma  (Lyman) ; 
Norway,  common  (Norman). 

Ophioghjpka  auraiiiiaca,  Verrill.^ 

1882.  Opkieglypha  auTarUiaca,  Varrill,  Auier.  Journ.Sci.  and  Arts,  vol.  laii.. 

p.  141. 
1B83.  „  „        Lynmo,  Proo. Koy.  Soc. , Edinb.,  vol. xi., p.  707. 

1883.  „  „         Id.,  Bull  Mua.  Cump,   Zool.,  vol.  x..  No.  6, 

p.  290,  with  fig. 
1881.  ,,  „        Hoyle,  Proc.  Roy.  Soc,  Edinb.,  June  IB. 

Hahitat.  British  Seas. — Faroe  Channel  at  four  stations,  all 
in  the  warm  area,  depth  516-570  fathoms  (Lyman,  Hoyle). 

Other  Localities. — Oif  Martha's  Vineyard,  North-East 
America,  192-310  fathoma  (VerriU). 

Ophioglypha  lacertosa,  Lyman  (Pennant). 
1733.  Stdta  lumbriealia  lacertoaa,  Linclc,  De  Stell.  M&rin.,  pL  ii.,  No.  4, 

p.  47. 
1766.  Adtrias  ophiura,  0.  F.  MdlL,  Zool.  Dan.  Prodr.,  p.  235. 
1777.        „       lacerU)3a,  Pennant,  Britiali  Zoology,  vol.  it.,  p.  63. 
cfJiota,  Eetz.,  Diss.  Syst.  sp.  cagn.  Aster.,  p.  29. 
texturala  (pars),  Lamck.,  Hist,  Amm.  sans  Vert.,  p.  542. 
eordifera,  Delle  Chiaje,  Mem.  stor.  aiiat.  aiiim.,  toL  ii.,  p.  3S8, 
pi.  IX.,  fig.  12. 

duroTEi,  Rieso,  Hist.  Nat.,  vol.  v.,  p.  27S,  fig.  29. 

ftxtmnia,  Forbea,  Mem.  Wem.  Soc,  vol.  viii.,  p.  125,  pi.  iv,, 

figs.  3,  4. 
bracteaiai^),  Johnst,  Hag.  Nat  Hist.,  vol.  viiL,  p.  467. 
1^  texturala,  Forbea,  British  Stor&shes,  p.  22. 
1842.  OphioUpU  cilwia,  MiilL  and  Tr.,  Syat  d.  Aster.,  p.  91. 


1805. 
1816. 
1825. 


'  This  species  has  since  been  referred  to  the  genus  Ophioplea/ra  by  the 
original  describer  (Amei.  Jomn.  ScL  and  Arts,  vol.  xxiii.,  pp.  218,  248,  18S2}. 
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1865.  Ophiura  laeertosa,  Norman,  Ann.  and  Mag.  Nat  Hist,  ser.  3,  voL  zv., 

p.  112.    . 
1865.  Ophioglypha  ,,       Lyman,  IlL  Cat  Mas.  Comp.  ZooL,  No.  L,  p.  40. 

1879.  „  ,,       Ludwig,   MittheiL   d.  zooL  Stat  Neapel,  Bd.  i., 

p.  546. 

1880.  „  ,,       Herdman,  Proc.  Roy.  Phys.  Soc.,  Edinb.,  voL  v., 

p.  200. 

1881.  „  ,,       Leslie  and  Herdman,  Ibid.,  voL  vL,  p.  67. 

1882.  „        ciliata,  Lyman,  ZooL  Chall.  Exp.,  pt.  xiv.,  p.  76. 

1882.  ,,  ,,       Hoffmann,  Niederl&nd.  Archly  f.  ZooL  SuppL-Bd. 

L,  Lief.  3,  Echin.,  p.  6. 

1883.  M  „       Bell,  Journ.  Linn.  Soc,  voL  xviL,  p.  103. 

1884.  ,,  „       Hoyle,  Proc.  Roy.  Soc.,  Edinb.,  June  16. 

Habitat  British  Seas. — "  All  round  our  coasts  "  (Norman) ; 
Firth  of  Forth,  Lamlash  Bay,  Arran  (Leslie  and  Herdman). 

Other  Localities. — North  European  Seas;  Mediterranean 
(Lyman) ;  Western  America  (?) ;  near  Drobak,  Norway  (Nor- 
man) ;  Madeira  (B.  M.  Coll.). 

The  **  Willem  Barents  "  investigations  have  extended  the 
distribution  of  this  species  to  the  Arctic  seas  of  Europe  and 
Asia. 

Ophioglypha  rohusta,  Lyman  (Ayres). 

1851.  Ophiolepia  rohusta,  Ayres,  Proc.  Boston  Soc.  Nat.  Hist,  voL  iv.,  p.  184. 
1854.  OpMv/rafascicuUUoL,  Forbes,  Sutherland's  Journ.  Yoy.    Baffin's  Bay, 

vol.  ii,  p.  ccxiv.  (App.). 
1854.        ,,       aquamosa,  Ltk.,  Yidensk.  MeddeL,  p.  100. 

1857.  „  „  Id.f  Overs.  Gronl.  Echin.,  p.  60. 

1858.  „  ,,         Id.f  Addit.  ad.  Hist,  pt  i,  p.  46,  pi.  i.,  fig,  la,  b. 
1865.        ,,  „         Norman,  Ann.  and  Mag.  Nat  Hist,  ser.  3,  vol. 

XV.,  p.  114. 
1865.  Ophioglypha  robustat  Lyman,  IlL  Cat.  Mus.  Ck)mp.  ZooL,  No.  i,  p.  45. 
1877.  ,,  ,,       Marenzeller,  Denkschr.  d.  k.  Akad.  Wiss.  Wien, 

Bd.  XXXV.,  p.  282. 

1881.  „  ,y       Duncan  and  Sladen,  Mem.  Echin.  West  Greenl., 

p.  62. 

1882.  ,,  „       Lyman,  ZooL  Chall.  Exp.,  pt.  xiv.,  p.  77. 
1882.            „               „       Hofifmann,  Niederland.  Archiv  f.  ZooL  SuppL- 
Bd.  L,  Lief.  3,  Echin.,  p.  5. 

Hahitai.  British  Seas. — East  coast  of  northern  England 
and  Scotland  (Norman). 

Other  Localities. — Sound  (Copenhagen  Museum);  both 
coasts  of  Greenland,  20-80  fathoms  (Liitken,  Duncan  and 
Sladen);  Spitzbergen  and  Barents  Sea  (QofTmann) ;  Finmark 
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(Liitken) ;    Christiania   Fjord    and    West   Norway,    14-180 
fatlioma  (Norman);  North-East  America  (Lynian). 

Ophioglyjiha  Sarsii,  Lyraan  (Ltk.). 
Ophiolepis  cUin-ta,  Stimps.,  Smithaon.  Coatrib.,  vol.  vi.,  p.  13. 
,S51.  Ophi-wra  eoriaaa,  Ltk.,  Vidonsk.  Meddel.,  p.  101. 
,,        Samii,  Id.,  Ibid, 

„  ,,       Id.,  Addit  ad  Hiat.,  pt  i,  p.  i2,  pi.  i.,  figs.  3,  4. 

„  I,       Narman,  Ana.  and  Mag,  Nat.  HUt.,  scr.  3,  vol.  xr., 

p.  113. 
865.  Ophiogbjjiha  Sarsii,  Lyman,  111.  Cat.  Mua.  Comp.  Zool.,  No.  i.,  p.  41, 
figs.  2,  3. 
,,       Marenzeller,  Denksohr.  d.  k.  Akad.  Wiea.  Wien, 
BiL  XXXV.,  p.  282. 
,,  ,,       Duiicnn  and  Sladen,  Mem.  Ecliio.  West  Greetil., 

p.  60. 
1882.  ,,  .,       Lymin,  Zool.  ChalL  Eip.,  pt.  xir.,  p.  40. 

Hoffmnnn,   Niedfirlttnd.  Arahiir  f.   Zool.   Suppl.- 
Bd.  i.,  Lief.  B,  Echin.,  p.  8. 
,,  ,,       Lyman,  Bull.  Mua.  Comp.   Zool.,  vol.  x..  No.  S, 

p.  240. 
Hoyle,  Proc.  Eoy.  Soc,  Edink,  Jnne  16. 

Habitat.  British  Seas.—Sheaand,  80-100  fathoms  (Nor- 
man) ;  Paroe  Channel,  cold  area,  345  fathoms  (Hoyle). 

Other  Locahlies. — Barents  Sea,  down  to  210  fathoms 
(HofibiaDii) ;  American  and  European  Coasts  of  Greenland, 
10,  20,  35  fathoms  (Liitken,  Duncan  and  Sladen) ;  Spitz- 
bei^en,  Finmark;  Norwegian  coast,  60-200  fathoms  (Nor- 
man). "  A  very  characteriatic  cold-water  species  "  (Liitken). 
At  one  "  Challenger"  station,  off  east  coast  of  North  America, 
83  fathoms ;  at  four  "  Blake "  stations  in  the  same  region, 
44  to  306  fathoms  (Lyman),  down  to  358  fathoms  (Veitill).' 

Ophioglypha  si^nata,  VerrilL 
ISSO.  Opkicgtypha gignaUtyyetrill,  Amer.  Jonm.  ScL  aod.  Arta,  vol.  xxiii., 

p.  220. 
1882.       -  ,,  ,,  Ljnuto,  Proe.  Eoy,  Soc,  Edinb.,  voL  xi.,  p.  707. 

1884.       .  ,,  „  Hojle,  Ibid.,  June  16. 

Sabitat.  British  Seas. — Faroe  Channel,  four  stations  in 
the  cold,  and  one  in  the  warm  area,  327  to  610  fathoms 
(Lyman,  Hoyle). 

Other  LocaUtiea — North-East  America,  Gulf  of  Maine, 
Bay  of  Fundy,  off  Nova  Scotia,  100-258  fathoms  (Verrill). 
'  Amer.  Jouni.  ScL  and  Arte,  vol.  xxiii,  p.  218,  1S82. 


Revised  List  of  British  Ophiuroidea.  151 

Ophiomusitjm. 
Ojphioinusium  Lyinaniy  Wyv.  Thorns. 

1873.  Ophiomiisium  Lyinani^  Wyville  Thomson,  Depths  of  the  Sea,  pp.  100, 

173,  figs.  32,  33 ;  London. 
1882.  ,,  ,,        Lyman,  Zool.  Chall.  Exp.,  pt.  xiv.,  p.  90. 

1882.  ,,  ,,        Verrill,  Amer.  Joarn.  Sci.  and  Arts,  vol.  xxiii, 

p.  219. 

Habitat.  British  Seas. — Off  the  south-west  of  Ireland, 
180  fathoms ;  warm  area  of  the  Faroe  Channel  (Thomson). 

Other  Localities. — East  coast  of  North  America  (Verrill, 
Lyman);  near  the  Azores,  900  fathoms;  off  Tristan  da 
Cunha,  north  of  New  Zealand,  south  of  Papua,  off  Japan, 
South  Pacific,  1825  fathoms  (Lyman). 

Ophiomyxa. 
Ophiomyoca  serpentaria,  Lyman. 

1883.  Ophiomyxa  serperUariaf  Lyman,  Bull.  Mus.  Comp.  Zool.,  vol.  x..  No. 

6,  p.  274. 

1884.  „  „  Hoyle,  Proc.  Roy.  Soc,  Edinb.,  June  16. 

Habitat,  British  Seas. — Only  one  specimen  of  this  species 
has  yet  been  obtained,  viz.,  by  H.M,S.  "  Porcupine,"  in  the 
cold  area  of  the  Faroe  Channel ;  depth,  363  fathoms  (Lyman). 

Ophiopholis. 
Ophiopholis  acideata,  Gray  (0.  F.  Miill.). 

1733.  Bellis  scolopendricaf  Linck,  De  Stell.  Marin.,  p.  52,  pi.  xl.,  fig.  71. 

1776.  Asteriaa  aculecUa,  0.  F.  Miill.,  ZooL  Dan.  Prodr.,  p.  235,  No.  28414. 
1780.        ,,       ophiura,  Fabr.,  Fauna  Groenl.,  p.  371. 
1783.         ,,       aculeata,  Retz.,  Asterise  Gen.,  p.  240. 

1788.  „  „         Linn6,  Syst.  Nat.,  Ed.  xiii.  (Gmel.),  p.  3166. 

1789.  ,,  ,,         0.  F.  Miill.,  Zool.  Dan.,  p.  29,  pi.  xcix. 

1817.  Ophiwra  flemingii  et  0,  ammotfieaf  Leach,  Zool.  MiscelL,  voL  ii.,  pp. 

55,  56,  pi.  Ixxiz.,  figs.  1-3. 
1828.        „        bellis,  Fleming,  Edin.  New.  Phil.  Jour.,  vol.  viii.,  p.  298. 

1828.  ,,  ,,      Id.,  British  Animals,  p.  488. 

1829.  Ophiocoma  bellis,  Forbes,  Mem.  Wem.  Soc,  Edinb.,  vol.  viii.,  p.  126. 
1835.  Ophiura       ,,      Johnst.,  Mag.  Nat.  Hist.,  p.  595. 

1840.  OphioUpis  {^Ophiopholis)  scolopendrica,  MiilL  and  Tr.,  Archiv  f.  Natur- 

gesch.,  p.  328. 

1841.  Ophiocoma  bellis,  Forbes,  British  Starfishes,  p.  53. 

1842.  Ophiolepis  (Ophiopholis)  scolopendrica,  Miill.  and  Tr.,  Syst.  d.  Aster., 

p.  96. 
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Opkiopkolw  amkata,  Ltk.,  A'idit.   ad  Hist.,  pt.  i.,  p.  00,  pi,  ii.,  Bgs. 
16,  18. 
bcllii,  LTmao,  111.  Cat.  Mus.  Comp.  Zool.,  No.  i.,  p.  96, 

pi.  i.,  figs.  1-6. 
aculeaia,  Nornjun,  Anu.  and  Hag.  Nat.  Hist.,  ser,  3,  vol. 
XV..  p.  112. 
,,       Marsuzeller,  Denkachr,  d.  k.  Alcod.  Wiss.  Wieii, 


belli),  Hei'dmau,  Prou.  Boy.  Phye.  Soc,  Edinb.,  vol.  v., 
p.  201. 
,,      Leslie  and  Herdman,  Ibid,,  voL  vi.,  p.  67. 
amleata,  LjTnan,    Zool.    Chall.    Exp.,   pt.    jit,,  p.  112  ; 
Proc.  Koy.  Soc.,  Edinb,,  vol.  si.,  p.  707. 
,.         HoffmB,tiu,   NioderliiDil,  Archiv  f.  2ooL  Sappl,- 

Bd.  i..  Lief.  3,  Eohin.,  p.  S. 
,,  Bell,  Joum.  Lion.  Soc,,  Land.,  vol.  xvii.,  p.  103. 
Hoylo,  Proc,  Koy.  &oc.,  Edinb.,  June  IB. 
Habitai.  British  Seas.— All  round  our  coasts,  but  acarcer 
in  the  south  (Norman) ;  Isle  of  Man  (B.  M.  ColL) ;  Pirth  of 
Cromarty  (Copenhagen  Museum).  It  was  found  by  the 
"  Knight  Errant"  and  "  Triton,"  in  the  Faroe  Channel ;  depths, 
53  to  560  fathoms  (Lyman,  Hoyle).  It  appears  to  be  rather 
more  abundant  in  the  shallower  waters. 

Other  Localities. — Norwegian  coast,  down  to  200  fathoma 
(Norraan) ;  Barents  Sea  (Hoffmann) ;  Spitzbergen  (Liitken) ; 
eastern  and  western  shores  of  Greenland  (Liitken,  Dunean 
and  Sladen).  It  has  been  dredged  off  the  north-east  coast  of 
North  America,  both  by  the  "Blake"^  and  the  "  Challenger;" 
depths  iiom  80  to  300  fathoms. 

Ophiopsila. 

OphiopsUa  annulosa,  Ltk.  (M.  Sars). 
1S57.  Ophiam^lua  annuloiK^  Sars,  MiddeUmreta  Litt.  Fauna,  p.  S3,  pi.  i., 
figs.  2-7. 
mnulosa,  Ltk.,  Addit.  ad  Hist,  pt.  ii.,  p.  136. 

,,  Brady,  Ana.  and  Mag.  Nat.  Hist.,  aer.  4,  vot. 

,,         Ludwig,  HittbetL  d.  zool.  Stat.  Neapel,  Bd.  i., 

p.  651. 
„  Lyman,  Zool.  ChaL  Exp.,  pt.  xiv.,  p.  ISO. 

HcAitat.     British  Seas. — Birterbury  Bay  (Norman) ;  Ken- 
mare  Bay  (More,.^  Norman). 
Other  Localities. — Mediterranean  (Sars,  Ludwig). 
I  Lyman,  Bull.  Uos.  Comp.  Zool,  roL  i..  No.  S,  p.  240, 18&3. 
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Ophiopus. 
Ophiopvs  arctictis,  Ljn. 

1866.  Ophdopua  CMTcticus,  Ljn.,  Oph.  viv.,  p.  309. 

1872.  Ophiaregtna  ahyasorumy  Sara,  Nye  Echln.,  p.  42. 

1875.  Ophioptia  arcticus,  Ltk.,  in  Arctic  Manual,  p.  185. 

1882.  „  „        Lyman,  ZooL  Chall.  £xp.,  pt.  xiv.,  p.  156. 

1884.  „  „        Hoyle,  Proc.  Roy.  Soc.,  Edinb.,  Juno  16. 

Habitat,  British  Seas. — This  arctic  species  was  taken  by 
H.M.S.  "  Porcupine "  at  one  station  in  the  cold  area  of  the 
Faroe  Channel ;  depth,  384  fathoms. 

Other  Localities. — Spitzbergen,  Norway,  400  fathoms  (Ly- 
man) ;  Greenland  (Liitken). 

OpraoscoLEX. 
Ophioscolex  glacialis,  MtilL  and  Tr. 

1842.  Ophioscolex  glacialis,  Miill.  andTr.,  Syst  d.  Aster.,  p.  109. 
1861.  „  ,,        Sars,  Oversigt  Norges  Ech^n.,  p.  7. 

1882.  ,,  ,,        Lyman,  Zool.  Chall.  Exp.,  pt.  xiv.,  p.  234. 

1882.  „  „        Id,,  Proc.  Koy.  Soc,  Edinb.,  vol.  xi.,  p.  707. 

1882.  „  „        Hoffmann,  Ni^derland.  Archiv  f.  Zool.,  Suppl.- 

Bd.  i..  Lief.  3,  Echin.,  p.  3. 

1883.  ,,  ,,        Lyman,  Bull.  Mus.  Comp.  Zool.,  vol.  x.,  No.  6, 

p.  268. 

1884.  „  ,,        Hoyle,  Proc.  Roy.  Soc,  Edinb.,  June  16. 

Habitat.  British  Seas. — Three  stations  in  the  Faroe  Chan- 
nel (cold  area) ;  depths,  290-375  fathoms  (Lyman,  Hoyle). 

Other  Localities. — Scandinavian  coast  (Sars,  Diiben  and 
Keren)  ;  Barents  Sea  (Hoffmann) ;  Greenland  (Liitken) ;  ^ 
Spitzbergen  (Liitken).  One  "  Blake "  dredging  off  the  east 
coast  of  North  America ;  depth,  197  fathoms  (Lyman) ;  New 
England  coast,  115-238  fathoms  (Verrill).^ 

Ophioscolex  purpureus,  Diiben  and  Keren. 

1846.    0phio8colex purpureus,  Diib.  and  Eor.,  Ofvers.  Skand.  Echin.,  p.  235. 

1866.  „  „  Ijn.,  Oph.  viv.,  p.  327. 

1878.  ,,  „  Lyman,  Bull.  Mus.  Comp.  ZooL,  vol.  v.,pt.  9, 

p.  233. 
1882.  „  „  /d,  ZooL  ChalL  Exp.,  pt  xiv.,  p.  234. 

1884.  „  ,,  Hoyle,  Proc.  Roy.  Soc,  Edinb.,  June  16. 

Habitat    British  Seas. — Five  stations  in  the  warm  area  of 

1  Arctic  Manual,  p.  186,  1875. 

*  Amer.  Joum.  Sci.  and  Arts,  voL  xxiii.,  p.  219,  1882. 
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the  "Faroe  Channel,  depths  64  to  767  fathoms,  and  one  station 
in  the  cold  area,  depth  632  fathoms  (Hoyle). 

Other  Localities. — Coast  of  Norway  (Sars) ;  Hardanger 
Fjord,  100-200  fathoms  (Norman) ;  West  Indies,  190  fethoma 
(Lyman). 

Ophiothrix. 

Ophioihria:  fragUis,  Diih.  and  Kor.  (0.  F.  Miill.). 

789.   AsUnasfragiti*,  MalL,  Zool.  Daa.,  vol.  iii.,  p.  28,  pi.  scviii. 

.812.    OphKihrin  BammeUbergii,  MiilL  and  Tr.,  Syat.  d.  Aster.,  p.  113,  pi. 

Tiii.,  fig.  3. 

fragilii.  Id.,  Ibid.,  p,  110.  pi.  ii.,  fig.  2. 

Dttb.  and  Kor.,  Ofvara.  Skaad.  Eohin.,  p.  238. 
,,        a!fm{i.),  Grube,  ilrehiv  f.  Natnrg.,  p.  3H. 
,,         fragilU,  Norman,  Anc.  and  Mag.  Nat,  Hist.,  bbt.  3,  vol. 
lY.,  p.  107. 
„         (para),  Ltk,,  Addit.  ad  Hist.,  pt.  iii.,  p.  52. 
,,        Lyraan,  Bnll.  Mua.  Comp.  Zool.,  voL  iii.,  pt.  10, 
p.  2*a. 
,.  ,,         Ludwig,  Mittheil.  d,  zoo].  Stat.  Naapel,  Bd.  i., 

p.  B51. 
„  ,,         Lyman,  ZooL  ChrJl.  Enp.,  pt  xiv.,  p.  221. 

„         Hnjle,  Proc  Roy.  Soc,  Edinb.,  June  16. 
Habitat.     British  Seas. — AH  round  our  coast  (Norman) ; 
Faroe  Channel,  two  stations  in  the  warm  area,  depths  87  and 
516  fathoms  (Hoyle). 

Other  Localities. — Scandinavia  (Diiben  and  Koren) ;  North 
Sea  (Copenhagen  Museum) ;  Mediterranean  (Ludwig). 

Ophiothrix  I/litkeni,  Wyv.  Thoms. 
1878,  OpUaArix  IMUceni,  Wyville  Thomson,   Deptlu  of  the   Sea,  p.   100, 

London. 
1882.  „  „        hjiaw,  Zool.  ChalL  Exp.,  pt.  :d».,  p.  218. 

Habitat.    British  Seas. — Off  the  south-west  coast  of  Ire- 
land, 180  fathoms  (Thomson). 
Other  Localities. — Near  the  Azores,  450  fathomB  (Lyman). 

Ophiothrix  pentaphyllum,  Ljn.  (Pennant). 
1812.  AiUriaa pealaphylhtim.  Pennant,  British  Zoology,  vol.  ir.,  pp.  S4,  5t>. 
1841.  Ophioeoma  rosala,  Forbes,  British  StarGshea,  p.  60. 
1871.  OpMothrixpfiaaphyllmn,  ljn.,  Ofvera.  K.  Akad.  Vetenak,,  p.  622. 
1871.  „  ,,  Lyman,  BulL  Hub.  Comp.  Zool.,  vol.  iii., 

pt  10,  p.  24fl. 

1880,  „        maula,  Hardman,  Proc.  Eoy.  Phys.  Soe. ,  Edinb. ,  vol  v. ,  p.  200. 

1881.  ,.  ..      Leslie  and  Herdman,  Ibid.,  vol.  vi.,  p.  SB. 
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1882L'  OphMhrix pentaphyUum,  Lyman,  ZooL  ChalL  Exp.,  pt  ziv.,  p.  225. 
1882.  „  „  Id.,  Proc.  Eoy.  Soc.,  Edinb.,  voL  xL,  p.  707. 

Habitat.  British  Seas. — All  parts  of  the  coast  (Forbes) ; 
Firth  of  Forth,  Lamlash  Bay,  Arran  (Leslie  and  Herdman) ; 
Faroe  Channel,  53  fathoms  (Lyman). 

Other  Localities. — North  and  west  of  France  (Lyman). 

There  is  some  little  doubt  about  the  distribution  of  this 
species,  as  Forbes  and  Norman  do  not  distinguish  between  it 
and  0.  fra^Uis, 

Lyman,  in  his  "  Challenger  Report,"  gives  its  British  dis- 
tribution as  "  south  of  England,"  but  there  can  be  no  doubt 
about  the  specimens  which  he  identified  from  the  '*  Knight 
Errant "  dredgings^ 

The  above  list  contains  thirty-seven  species  (three  belong- 
ing to  the  family  Astrophytidae),  whence  it  appears  that  the 
number  of  Ophiuroids  known  to  inhabit  British  Seas  has 
more  than  doubled  during  the  past  twenty  years. 

It  may  also  be  remarked  that  the  only  species  which  have 
been  found  nowhere  else  than  in  British  Seas  are  three 
{Ophiohyrsa  hystrids,  Ophiochiton  tenuispinus,  and  Ophiomyxa 
serpentaria),  which  were  dredged  by  H.M.S.  *'  Porcupine  "  at 
isolated  points  in  the  Faroe  Channel.  Perhaps  Ophiothrix 
pentaphyUum  should  be  added  to  these,  as  its  "other 
localities"  belong  to  the  same  zoological  province  as  the 
British  Seas,  viz.,  north  and  west  of  France. 

XV.  On  the  Silver  Districts  of  Colorado  (Leadville  and  San 
Juan).    By  Henry  Gunn,  Esq.,  AssocRS.M.,  etc. 

(Bead  23d  AprU  1884.) 

Abstract. 
In  the  first  portion  of  the  paper,  which  dealt  with  the 
Leadville  deposits,  the  author  pointed  out  that  within  a 
limited  thickness  of  from  700  to  1000  feet,  typical  represen- 
tatives of  Laurentian,  Cambrian,  Silurian,  and  Carboniferous 
rocks  were  to  be  found,  and  also  indicated  the  influence 
which  intrusive  rocks  had  in  the  exposition  of  the  mineral 
veins,  as  all  the  deposits  occurred  at  the  contact  of  the 
quartz  porphyry  with    the  limestones.      Specimens   illus- 
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trative  of  the  ores  mined  in  the  district  were  exhibited; 
also  aome  possessing  unusual  associations  of  minerals — a. 
Bpecimen,  showing  granules  of  free  gold  in  hard  carbonate 
of  lead,  attracting  much  attention,  from  the  fact  that  it  was 
the  only  specimen  ever  discovered  in  the  district  exhibiting 
this  conjunction.  Mr  Gunu  exhibited  specimens  of  tellurium 
ores  of  remarkable  beauty,  and  a  sample  of  zinc  blende  mined 
in  large  quantity  in  Pitkin  County,  which,  contrary  to  the 
opinion  generally  held  by  miners,  contained  large  quantities 
of  silver.  The  second  portion  of  the  paper  dealt  with  the 
Sau  Juan  district,  and,  after  indicating  the  peculiar  disad- 
vantages under  which  this  district  laboured  for  the  first  few 
years  of  its  existence,  proceeded  to  describe  its  geology, 
which  he  stated  to  he  Ti-achyte,  overlying  rocks  of  Carboni- 
ferous and  Devonian  age.  The  mineral  is  found  in  true 
fissure  veins  of  great  width,  chiefly  composed  of  quartzose 
matter,  hut  usually  carrying  one  or  more  grey  streaks,  from  two 
to  six  feet  wide,  composed  of  galena,  fahlerz,  and  sulphureta  of 
silver  and  gold.  Some  of  the  mines  produce  beautiful  filaments 
of  native  silver,and  one  of  the  specimens  showed  avery  unusual 
association— viz.,  fine  filaments  of  silver  on  grey  copper. 

XVL  On  BoiUder-Glaciation.  By  Hugh  Millee,  Esq., 
A.RS.M.,  F.G.S.,  Honorary  Member  of  the  Tyneside 
Field  Club.     [Plate  VI.] 

(B«Bd  23d  April  1881.') 
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IL  FLUzioN-SntuoTUBis  nr  Till. 

Longitadiiial  Striatioii  of  Stones. 

Their  Striation  by  means  of  the  Matrix. 

Oladation  of  the  Matrix. — Mieroecopic  Boulders. 

Flnxion  in  finnning  Till. 

Flnxion-Stmctore  in  Till  in  gUu. 

The  Movement  differential — Thickness  of  Fluxion  layer. 

Distribution  of  Fluxion-Structures  in  the  Till. 

Orientation  by  means  of  Fluxion-Structures. 

IIL  OOMOLUSION. 

Introduction. 

The  bonlder-day  has  long  been  considered  a  formation 
mi  generis.  Its  indiscriminate  assemblage  of  materials  of  all 
sorts  and  sizes  and  weights  is  the  fact  that  seems  first  to 
have  struck  the  earlier  observers  of  this  singular  deposit.  It 
was  totally  unlike  any  stratified  deposit  of  which  they  had 
experience.  It  had  undergone  no  sifting  or  assortment, 
either  in  the  powdered  matter  that  constituted  its  matrix, 
or  in  the  miscellaneous  boulders  that  were  flung  as  if  at 
random  all  through.  Poor  Bobert  Dick,  working  all  alone 
up  at  Thurso,  seems  almost  to  have  got  angry  with  its 
peculiarities.  It  differs  entirely,  says  he,  "  from  every  other 
thing  on  the  earth's  surfaca  It  is  not  a  conglomerate.  It 
would  never,  though  consolidated,  form  a  bed  similar  to 
conglomerate.  It  is  not  a  production  of  the  Mosaic  deluge. 
It  is  not,  strictly  speaking,  a  production  of  the  sea.  It  is 
not  the  sweepings  of  a  sea  shore.  No !  nothing  of  the  kind. 
No  Mosaic  deluge  could  have  produced  these  beds  of  dark 
stony  clay.  No  ocean  waves  alone,  by  the  friction  of  ten 
thousand  years  on  rocky  strata,  could  have  done  it  No! 
Tens  and  hundreds  of  millions  of  steam-mills,  grinding  stones 
night  and  day  for  a  thousand  years,  could  not  have  done  it. 
No  sea  casts  up  anything  like  it.  It  is  a  distinct,  generic 
production,  fairly  entitled  to  a  place  by  itself.'* 

The  Boulder-Clay  not  Structureless, 

The  apparently  random  character  of  the  formation,  how- 
ever, has  too  often  led  geologists  to  consider  it  as  structure- 
less.   *'  The  boulder-clay,"  says  Professor  Hull,  "  is  entirely 
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structureless.'"  ^  ''  Save  with  some  lare  ex/b&^ao&y  mys  Mr 
Archibald  Oeikie,  ''its  boulders  are  not  arranged  in  any  deter^ 
minate  manner." *  "Typical  till,"  says  Plcofessor  Green, " is 
a  tough,  dense  clay  .  .  .  stuck  as  full  as  it  can  hold  o£ 
stones  of  all  sizes,  which  are  not  arranged  in  any  order,  but 
look  as  if  they  had  been  forcibly  rammed  in  anyhow/' ' 

Good  till  greatly  resembles  one  of  these  concretes  in 
which  stones  and  shingle  of  many  shapes  and  sizes  haird  been 
thrust  into  a  paste  of  soft  asphalt.  Kow,  in  a  pavement  of 
this  kind,  we  might  expect,  in  fayourable  circumstances,  to 
find  certain  structures.  If  the  pavement  had  been  repaired 
or  patched  by  simply  placing  a  new  concr^  here  and  thiBie 
upon  the  top  of  the  old,  we  diould  find  insids  it  groups  «€ 
stones  with  their  upper  surfaces  worn  down  by  the  traffiCi  ct 
perhaps  grooved,  after  the  manner  of  some  ef  oar  street 
oauseifays,  by  the  passage  of  wheels.  Again^  if  the  ai^bdt 
hiid  been  placed  upon  a  slope,  and  in  a  too  pasty  oonditioni 
it  might  have  made  of  itself  a  sort  of  miniature  glacier^ 
such  as  Sir  William  Thomson,  I  am  informed,  oceasioiialty 
exhibits  to  his  class  at  Glasgow.  And  having  been  in 
motion,  we  xnight  expect  to  find  a  rude  sort  of  fluxion^ 
structure  developed,  comparable  to  that  which  is  found 
among  certain  igneous  rocks. 

Both  these  structures  are  characteristic  of  the  boulder- 
clay  in  a  degree  hitherto  not  much  noticed ;  and  it  is  to  the 
facts  respecting  them  that  I  devote  this  paper.  They  will 
be  found  to  bear  shrewdly  upon  its  origin. 

I. — Glaciation  of  the  Upper  Surfaces  of  Boulders  in 

situ. — Pavement-Boulders. 

The  earliest  observations  upon  the  glaciation  of  boulders 
in  situ  in  the  till  of  which  I  am  aware  were  recorded  by 
Charles  Maclaren  in  the  Scotsman  in  1828,*  as  having  been 

*  Phys.  GeoL  and  Geog.  of  Ireland,  p.  79. 

2  On  the  Glacial  Drift  of  Scotland  (Trans.  GeoL  Soc,  Glasgow,  vol.  i., 
part  2,  p.  41). 

'  Geology  for  Students,  2d  ed:,  p.  263. 

^  In  a  leading  article  upon  Sir  James  Hall's  celebrated  paper  ''On  the 
Revolutions  of  the  Earth's  Surface."  See  Maclaren's  Geology  of  Fife  and  the 
Lothians,  2d  edit.,  p.  290. 
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made  by  him  in  railway  cuttings  near  Edinbaigh.  ''In 
examining  some  of  the  blocks  of  larger  size/'  he  says,  *^  we 
find  the  upper  surface  and  two  of  the  sides  finely  dressed, 
while  the  lower  surface  and  the  two  ends  are  either  much 
less  dressed  or  actually  rough  and  angular.  It  is  remark- 
able/' he  continues,  "  that  in  such  stones,  though  lying  at  a 
great  distance  from  one  another,  we  find  the  direction  of  these 
fine  groovings  which  constitute  dreaaiag  generally  to  correspond, 
and  to  point  in  a  direction  £.  and  W.  (i.e.,  the  direction  of  the 
rock-striaB  in  the  district).  .  .  .  This  cannot  well  be 
explained  on  any  other  supposition  than  that  their  surface 
had  been  subjected  in  the  position  they  now  occupy  to  the 
smoothing  action  of  hard  substances  rolled  by  a  current  of 
water  &om  the  west  .  .  .  Some  of  the  larger  blocks  are 
polished  on  the  upper  and  not  on  the  under  side.  This  evi- 
dently shows  that  the  clay  did  not  dose  round  them  at  once, 
but  that,  after  the  part  below  was  firm,  the  current  above, 
bearing  other  clay  and  stones  with  it,  was  still  in  motion." 

Ten  years  later,  Mr  Milne  Home's  notice  was  attracted  by 
certain  boulders  striated  in  situ  on  the  shore  at  Joppa.  He 
suggested  that  similar  observations  should  be  made  wherever 
possible.  ^  In  1845  and  1848,  Mr  Smith  of  JordanhiU  ob- 
served parallel  striae  on  the  upper  surfaces  of  imbedded 
stones  on  the  shore  of  the  Gareloch,  near  Glasgow. 

In  1852,  my  father  brought  into  notice  certain  causeway- 
like pavement  of  boulders  near  Portobello,  which  remain,  so 
far  as  I  am  aware,  without  any  precise  parallel.  "There 
occurs  deep  in  the  clay,  at  two  several  points  on  our  coast, 
what  I  have  ventured  to  term  pavements — for  such  is  their 
appearance — composed  of  boulder  stones  laid  as  in  a  common 
pavement,  with  their  smoother  surfaces  upwards,  .  .  . 
grooved  and  rutted.  As  decidedly  as  the  greenstone  cause- 
ways of  our  streets  bear  evidence  in  their  scratched  and 
furrowed  surfaces  of  the  heavily-laden  carts  and  waggons 
that  have  passed  over  them,  are  these  pavements  of  the 
boulder-clay  charged  with  evidence  that  great  moving  masses 
had  also  dragged  their  ponderous  weight  over  them.     But 

^  On  the  Midlothian  and  East  Lothian  Coalfields  (Trans.  Roy.  Soc, 
Edinb.,  vol.  xiv.,  1888,  p.  311). 
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the  agent  waa  evidently  the  same  as  that  which  grooved  and 
polished  the  rocks  beneath.  .  .  .  All  of  them  I  have  yet 
observed  have  their  direction  and  striation  E.N.E.- — the  general 
direction  in  the  district  of  the  lines  and  grooves  below ; 
almost  all  of  them  decline  slightly  to  the  east,  and,  when 
relieved  by  the  waves,  resemble  low  flat  moles  stretching 
from  the  land  into  the  sea.  They  indicate,  I  am  inclined  to 
hold,  pauses  in  the  formation  of  the  boulder-clay  deposit, 
during  which  its  general  surface  waa  lowered  and  came  to  be 
thickly  covered  with  the  disengaged  pebbles  and  boulders  of 
the  general  mass,  ranged  in  one  place.  And  then  the  old 
agency  recommenced  its  operations,  and  pressing  the  stones 
down  into  the  mass,  bo  as  to  imprint  the  pavement-like  re- 
gularity on  their  surface,  it  grooved  and  striated  them,  as 
when  acting  at  an  earlier  period  on  the  rock  below.  These 
cuiious  pavements  may  be  regarded  as  conclusive  in  the 
proof  they  furnish  that  the  boulder-clay  was  not,  as  some 
think,  a  aimultaueoualy  formed  deposit — the  produce  of  some 
great  mud-wave  from  the  sea — but  of  alow  formation ;  and, 
further,  that  it  presented  surface  after  surface  to  the  great 
grooving  and  polishing  agent  to  which  it  seems  to  have  owed 
its  origin." '     This  agent  he  believed  to  have  been  icebei^. 

These  remarkable  lovldeT-pavcments  (as  my  father  terms 
them  in  an  MS.  reference)  were  pointed  out  by  him  to 
Bobert  Chambers,  who  also  described  them.  *  His  descrip- 
tion of  the  "narrow  trains  of  blocks  crossing  the  line  of 
beach  .  .  .  not  more  than  a  foot  above  the  general 
level "  is  virtually  the  same  as  that  just  quoted.  "  There  are 
also,"  he  adds,  "  some  appearances  of  a  hollow  on  the  surfaces 
of  these  curious  pavements,  as  Sir  Miller  calls  them,  as  if 
some  enormous  wheel  had  run  along  the  surface  in  that 
direction,  and  left  on  it  a  slight  track ; "  and  he  concludes 
that  here  is  "  a  surface  of  the  boulder-clay  deep  down  in  the 
entire  bed,  which  to  all  appearance  has  been  precisely  in  the 
same  ciicmnstances  as  the  fast  rock-surface  had  previously 


•  Ii«ctiire  on  the  Geological  Featnrea  of  Edinbni^li.     Eeprinted  ii 
bargh  and  ita  NeightxiaThood,"  pp.  SS-40. 
'  Edinr,  Phil.  Jour.,  vol.  liv.  (1852-58). 
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In  1859,  Professor  0.  N.  Stoddard,  of  Miami  University, 
apparently  unaware  (like  the  two  observers  last  cited)  of 
previous  notices  of  similar  phenomena,  described  in  America 
a  group  of  141  boulders  of  various  rocks  uncovered  in  a  rail- 
way cutting,  and  all  striated  in  the  direction  of  general 
glaciation.  "  The  agency  of  loinning  water,"  he  says,  "  may 
be  dismissed  as  utterly  inadequate  to  explain  the  fact  in 
question.  Icebergs  <Jveu  b"  waves  and  currents  .  .  . 
afford  a  solution  but  little  more  plausible.  Icebergs  might 
plough  up  the  bottom  and  scatter  the  fragments,  but  could 
not  retain  them  in  place.  It  seems  necessary  to  admit  that 
they  were  firmly  frozen  into  the  clay,  and  thus  held  in  posi- 
tion while  some  overlying  mass  slowly  ground  off  their 
exposed  surfaces."  ^ 

Nothing  has  been  done  since  1859  that  has,  so  far  as  I 
am  aware,  materially  advanced  the  specific  study  of  boulder- 
glaciation,  except  that  here  and  there  boulders  h£^ve  been 
observed  and  recorded  as  having  been  found  striated  in 
place.  It  does  not  appear  that  any  of  the  groups  have  been 
laid  quite  in  the  pavement  form.  Mr  Archibald  Geikie, 
to  whose  review  of  the  work  of  previous  observers  I  have 
been  indebted  for  references,  describes  two  "striated  pave- 
ments" (the  adjective  was  added  by  Mr  Geikie),  one  on 
the  coast  of  Berwickshire  and  another  on  the  shores  of  the 
Solway.  Both  of  these  appear  to  have  consisted  of  a  number 
of  blocks  "  imbedded  irregularly  "  in  the  boulder-clay.  Mr 
Geikie  pointed  out  that  it  was  not  as  yet  rendered  quite 
certain  that  the  striated  blocks  had  lain  under  true  till ;  that 
they  had  as  yet  been  observed  only  near  the  coast ;  and  that 
their  striation  was  possibly  a  record  of  "  the  second  great  era 
of  the  drift,"  namely,  that  of  floating  ice.^ 

Since  1863,  the  instances  of  boulder-glaciation  of  which  I 
have  found  specific  mention  have  been  recorded  chiefly  by 
Mr  Milne  Home  and  Mr  John  Henderson  in  connection  with 
the  Boulder  Committee  of  the  Eoyal  Society  of  Edinburgh. 
Mr  Milne  Home,  not  forgetful  of  his  early  statement,  that 

^  American  Journ.  of  Science,  vol.  xxviii.,  p.  227  (1859). 
'  On  the  Glacial  Drift  of  Scotland  (Trans.  Geol.  Soc,  Glasgow,  vol.  i., 
part  2,  1863,  p.  68). 
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"  it  ia  an  object  of  some  importance  to  ascertain  the  direction 
of  these  ruta  "  even  on  sinyle  boulders,  has  given  unwearied 
attention  to  certain  minutije  of  boulder-glaciation,  which 
few  others  have  thought  worthy  of  notice, — not  only  the 
direction  of  the  strife,  but  their  arrangement  on  the  stone, 
their  limitation — or  the  reverse — to  its  upper  sides,  the 
direction  of  its  longer  axis  and  pointed  end — to  all  the 
particulars,  in  short,  to  which  attention  had  been  called  by 
the  early  school  of  observers,  of  which  he  ia  happily 
survivor.  These  observations,  however,  remain  scattered 
and  undigested. 

By  writers  on  glacial  subjects  the  "  striated  pavements " 
have  been  chiefly  referred  to  as  a  remarkable  phenomenon  that 
at  least  must  not  be  left  out  of  sight.  P^ach  writer  has  been 
quite  able  to  find  a  place  for  them  in  his  own  hypothea 
By  some  of  the  advocates  of  tUl-formation  under  half-floated 
glaciers  they  have  been  viewed  as  records  of  the  intermittent 
pressure  exerted  on  the  accumulating  materials.^  By  Mr 
Goodchild,  who  regards  the  till  as  one  great  charge  of  materials 
incorporated  into  the  ice  and  left  behind  when  it  melted,  like 
the  litter  of  the  St  Petersburg  streets  after  the  spring  thaw, 
they  are  considered  as  due  to  fits  and  starts  of  snbsidence  in 
the  melting  mass.*  In  Professor  James  Geikie's  great  work 
they  are  referred  to  among  the  non-mariDe  beds  intercalated 
with  the  Scottish  tiU,  of  which,  as  all  geologists  know,  he 
supports  the  sub-glacier  origin ; '  and  by  Dr  Croll  they  were 
viewed  as  a  sort  of  supplementary  evidence  of  long  pauses 
and  interglacial  periods  during  its  formation  *  They  have 
not  been  deemed  of  sufBcient  importance  to  merit  notice  in 
any  text-book  of  geology. 

Pavement-Boulders  in.  the  Till  of  the  North  of  Ejigland. 
My  interest  having  been  excited  by  my  father's  observa- 
tions on  houlder-pavementa,  I  have  for  a  number  of  years 

1  See  at  length  Rev.  &  B.  Watson,  F.R.8.E.  (Trans.  Roy.  Soc,  Edinb., 
vol.  iiiit.,  p.  6S9),  where  this  view  ia  ably  put  forth. 

>  On  Drift,  Geo.  Mag.,  1874,  p.  608. 

>  The  Great  Ice  Age,  2d  ed.,  p.  130. 
*  Climate  and  Tim^  p.  2C>5. 
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been  in  the  habit  of  giving  to  the  glaciation  of  boulders 
something  of  the  attention  that  it  is  usual  to  bestow  upon 
the  glaciation  of  rocks.  My  opportunities  of  observation 
have  chiefly  lain  inland  among  stream  sections  and  railway 
cuttings.  I  looked,  therefore,  not  so  much  for  boulder- 
pavements  as  for  parts  of  pavements  or  pavement-boulders, 
such  as  imperfect  sections  might  reveal,  and  began  to  note 
the  glaciation  of  striated  boulders  in  groups  of  five  or  ten, 
and  then  in  twos  and  threes,  and  ultimately,  as  experience 
and  data  increased,  singly. 

The  general  conclusion  to  which  these  observations  has 
led  may  be  stated  in  a  word.  The  larger  boulders  in  the  till, 
quite  irrespective  of  any  arrangement  in  pavement  form,  are,  in 
favourable  situations  glaciated,  if  at  all,  in  the  direction  of 
ice^floto. 

Throughout  the  Border  Counties  of  England,  from  the  east 
coast  at  Newcastle  and  Tynemouth  to  Carlisle  and  Silloth 
upon  the  west,  the  evidence  on  the  whole  is  uniformly 
trustworthy  and  to  the  point.  It  cannot  be  said,  of  course, 
that  the  larger  boulders  always  bear  striae.  It  is  scarcely  less 
usual,  however,  to  find  the  boulders  striated  in  their  place  in 
the  till  when  the  till  is  good  than  to  find  the  rock  glaciated 
underneath. 

It  is  not  necessary  to  enter  in  detail  upon  the  glaciation 
of  the  north  of  England.  In  general  terms,  Northumbrian 
glaciation  may  be  roughly  divided  into — (1.)  general  glacia- 
tion, crossing  the  watershed  from  the  west;  (2.)  valley 
glaciation,  where  the  ice  held  with  the  valleys ;  and  (3.) 
glaciation  of  the  sea  board,  or  along  the  coast  from  the  north. 
When  the  rock-striae  and  boulder-striae  marking  this  glaciation 
are  set  upon  a  chart  side  by  side,  and  distinguished  by  means 
of  different  colours,^  the  two  kinds  of  evidence  are  seen  to 
agree  in  every  detail.  We  are  presented,  in  short,  with  two 
modes  of  arriving  at  the  same  facts,  one  of  which  might 
have  been  pursued  if  the  country  had  been  entirely  drift- 
covered  and  the  rock-striae  invisible.  Both  the  boulder-striae 
and  the  rock-striae  occur  practically  at  all  levels  from  the 
watershed  to  the  coast.      The  highest-lying  rock-striae  are 

^  As  was  done  in  a  chart  exhibited  when  this  paper  was  read. 
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preserved  at  1500  feet  above  the  sea;  the  highest  boulder- 
alrife  occur  at  an  elevation  of  1400  feet.  The  lowest  of  each 
are  at  the  coaat  line.  There  are  tracts  also  which  these  two 
kinds  of  glaciation  agree  in  registering  as  debatable  ground, 
— where  the  ice  passed  now  in  one  direction  and  now  in 
another. 

The  noi-th  of  England  boulder-clay  might  with  much  truth 
be  described  as  ojte  grreat  striated  pavement.^ 

Glaciation,  however,  bore  by  no  means  equally  upon  all 
parts  of  the  tilL  In  certain  hollows  and  notches  of  the 
surface — in  many  of  the  narrow  preglacial  stream-cliannels, 
for  instance,  which  the  ice  crossed  at  light  angles,  the  till 
found  a  secure  lodgment,  and  could  remain  undisturbed. 
During  the  formation  of  a  new  reservoir  for  the  Newcastle 
water-supply  near  ChoUerford,  the  preglacial  ravine  of  the 
l)ry  Burn,  a  feeder  of  the  North  Tyne,  was  excavated  to  a 
depth  of  26  feet  below  the  level  of  the  modern  stream.  The 
stiff  till  that  had  occupied  it  was  full  of  boulders,  many  of 
them  having  the  characteristic  smooth  lobe-shape.  These 
boulders  were  lying  as  if  hustlcd-in  in  the  passing,  and  their 
axes  and  striie  wore  disposed  at  random.  This  old  ravine  lay 
at  right  angles  to  the  line  of  ice-movement 

For  several  reasons  also  it  is  more  difficult  to  obtain  good 
glacial  evidence  from  boulders  among  the  drift  at  h^h  levels. 
The  high  level  drift  is  often  raw  material ;  the  sections  of  it, 
too,  are  increasingly  obscure  as  we  ascend.  It  is  on  the  open 
and  level  country,  where  the  till  was  well  worked  up,  and 
the  ice  had  a  steady  purchase  or  mechanical  advantage  over 
the  surfaces  upon  which  it  moved,  that  boulder-glaciation  is 
at  its  best. 

Favemerti-Bovlders  Tiear  Edinburgh. 

This  was  the  case  in  the  low  grounds  near  Edinburgh. 

The  accompanying  small  map  represents  sixteen  sets  of 
boulder- striae  in  this  neighbourhood.  Three  of  them  are 
Maclaren's  original  observations  of  the  year  1828;  five  of 
them  have  been  recorded  by  Mr  Milne  Home;  two  represent 

0  employ,  may 
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my  father's  boulder-pavements ;  two  have  been  observed  by 
Mr  John  Henderson ;  and  the  remaining  four  are  from  my 


amAmrom         Of 


Is f i i 


Fig.  1. 


Glaciation  of  the  neighbourhood  of  Edinburgh. 

own  note-book  I  subjoin  a  list  of  the  localities  and  autho- 
rities. A  number  of  rock-stri^  are  denoted  upon  the  map 
for  comparison. 


Baulder-Strice  near  Edinburgh. 
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Soe.,  Eilinb.,  Tol.  xiv., 

p.  311  (1838). 
Milne      Homo,       Trans. 

Geol.  Sue,  Edinb.,  vol, 


(7  bouldera.) 

The  uuaiiimity  of  this  evideuce  ia  obvious  at  a  glance.  It 
is  especially  interesting  to  observe  the  tendency  iu  both 
kinds  of  strife  to  divide  around  Aithur'a  Seat. 

Little  more  need  be  said  about  the  evuience  of  direction 
famished  by  the  glaciation  of  boulders  lying  in  situ  in  the 
till.'  There  are  some  further  details,  however,  which  the 
Racialist  will  pardon  me  for  entering  upon.  Some  of  these 
may  be  found  of  practical  use  in  reading  off  the  evidence  in 
the  field ;  some  of  the  others  have  more  or  less  of  a  general 
bearing, 

AdjustmeTti  of  the  Boulders  uTider  Glaciation. 
The  adjustment  of  boulders  under  glaciation  generally 
resembles  that  of  small  rockes  moutonn^.  The  side  facing 
the  ice  is  apt  to  be  tilted  slightly  towards  it,  or  to  be  ground 
down  into  a  smooth  slope  with  flowing  outlines.  The  averted 
or  sheltered  side,  again,  retains  more  or  less  of  its  roughness. 

'  I  must  Dot  omit  to  state  that,  on  comparing  notes  on  the  subject  with 
m;  friend  and  colteagne,  Mr  B.  K.  Peach,  I  learned  that  he  has  Tor  many 
yeora  been  in  the  habit  of  observing  this  evidence  of  direction  and  noting  it 
npon  his  maps.  The  extent  of  Mr  Peach's  acquaintance  with  the  geology  of 
Scotluid  reudera  hia  testimoay  extremely  valuable. 
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The  figure  (Fig.  2)  represents  part  of  a  fine  group  of  glaciated 


~  ^"^^-^zr: 


Fig.  2. 
Pavement-boulders  in  Till  on  the  fore-shore,  Northumberland. 

boulders  sticking  in  clay  upon  the  Northumbrian  coast.  A 
group  somewhat  similar,  showing  all  the  features  of  boulder- 
glaciation,  can  be  seen  at  half  tide  upon  the  shore  towards 
the  west  side  of  Granton  Harbour.  West  of  the  Custom 
House  I  counted  forty-two  of  them.  The  angle  of  the 
abraded  slope  varies,  so  far  as  I  have  observed,  between 
7  and  25  or  30  degrees.  The  longer  axis  of  the  stone  is 
often  directed  in  the  line  of  glaciation,  and  the  pointed  end 
is  frequently,  but  by  no  means  always,  (see  Fig.  4,)  towards 
the  ice. 


The  Strice. 

In  the  largest  size  of  boulder,  the  depth  and  firmness  of 
the  strise  differs  in  no  degree  from  the  groovings  on  solid 
rock.  In  the  boulder  represented  in  Fig.  3 — a  fine  boulder  of 
Corstorphine  greenstone,  about  6  feet  long,  recently  uncovered 
beside  Eothesay  Terrace — the  scoring  was  as  deep  and  the 
polishing  as  fine  as  in  the  best  rock  glaciation^  the  largest 
scores  being  half-an-inch  broad  by  one-eighth  of  an  inch 
deep.  The  strise  in  this  case,  which  may  be  taken  as  typical, 
were  confined  to  the  top  and  upper  flanks  of  the  stone.  As 
I  saw  it,  it  stood  about  2^  feet  high  upon  the  cushion  of 


::'^.5*$i«w^i 


iotMm^l&j  m.  whieh  it  still  merted;  th^  8tri»  bieoiUI 


Fig.  8. 
Qieenstone  Boulder,  Botbesay  Terrace,  Edinbnii^.    Length,  6  feet. 

lighter  and  fewer  at  about  half-waj  down  the  sides,  and  died 
out  at  about  a  foot  and  a  quarter  from  the  bottom.  The  lee 
had  moulded  itself  to  the  stone  (Fig.  4).    Aloiig  its  midcQ0 


Fig.  4. 
Sketch-plan,  Rothesay  Terrace  Boulder. 

line  it  was  glaciated  in  the  true  direction,  but  as  the  striae 
passed  round  its  curving  flanks,  they  diverged  (as  the  arrows 
on  the  map  diverge  around  Arthur's  Seat),  rounding  the  bulges 
and  bending  into  the  hollows — especially  into  one  deep,  bay- 
like curve  on  the  side.  The  ice  had  behaved  like  water,  which 
partly  rides  over  the  top  and  partly  washes  round  the  sides ; 
and  it  was  now  as  if  the  movements  of  the  current  had  been 
rendered  diagrammatic  by  means  of  incised  lines.  This 
boulder,  like  most  others,  had  made  something  of  an  inclined 
slide  of  itself,  by  canting  at  7  degrees  towards  the  ice.  At 
the  averted  end,  the  striae  and  polishing  ceased  at  once,  and 
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the  whole  of  the  sheltered  portion  was  rough-grained  and 
sub-angular.  Instances  may  occasionally  be  met  with  in 
which  both  the  upper  and  the  under  side  is  striated.  These, 
however,  are  few  enough  to  be  accidental.  Whatever  was  the 
nature  of  the  glaciating  agent,  it  is  certain  that  the  boulders 
had  undergone  striation  before  they  came  to  anchor  in  the 
clay,  and  faced  the  glacial  tide ;  and  they  were  liable  to  be 
torn  from  their  moorings  and  turned  over. 

Depth  at  which  they  ivere  imbedded. 

The  surface-glaciation  of  boulders  is  common  to  all  parts  of 
the  till.  In  the  long  railway  cutting  of  the  Suburban  Railway 
at  Colinton,  for  instance,  I  observed  pavement-boulders  at  6, 
10, 15,  20,  25,  and  30  feet  from  the  surface.  The  Granton 
group  of  boulders  to  which  I  have  referred  lie  evidently  at 
the  very  base  of  the  till,  where  it  rests  upon  shale,  and  is,  in 
fact,  a  kind  of  shale-mash ;  and  although,  as  was  pointed  out 
by  Mr  Arch.  Geikie,  the  boulder-pavements  on  the  shore 
further  to  the  east  are  not  now  actually  covered  by  till,  there 
can  be  no  doubt,  from  the  presence  of  a  small  scar  of  till 
etched  out  by  the  waves  here  and  there  along  the  edge  of 
the  beach,  that  they,  too,  have  lain — to  use  the  words  of 
Eobert  Chambers — "  deep  down  in  the  entire  bed,"  and  have 
only  been  laid  bare  by  the  sea. 

The  Boulder-Pavements. 

These  boulder-pavements  differ  from  other  groups  of 
striated  boulders  by  their  partial  arrangement  into  strips  of 
glaciated  causeway. 

During  the  thirty  years  that  have  elapsed  since  they  were 
last  described,  the  pavements  at  FiUyside  have  considerably 
altered.  They  have  been  better  cleared  out  by  the  waves, 
and  now,  at  half  tide,  they  break  the  margin  of  the  coast  for 
about  a  quarter  of  a  mile  with  a  succession  of  low  spits 
advancing  obliquely  seawards  (PL  VI.).  There  seems,  thirty 
years  ago,  to  have  been  just  two.  There  are  now  at  least  six, 
and  indistinct  trains  of  imbedded  boulders  indicate  at  least  as 
many  more  in  an  imperfect  condition.    The  best  of  them  are 
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linear  strips  like  lanes ;  tlie  moat  remarkable  of  them  all  re- 
sembles one  of  those  strips  or  "  slips  "  of  causeway,  inclined 
with  the  shore,  on  which  it  is  usual  to  run  the  boats  out  to 
sea.  Their  slight  eastward  fall  is,  of  course,  towards  tlie 
middle  of  the  valley  now  occupied  by  the  waters  of  the  Forth, 
wliich  probably  sagged  a  little  towards  the  centre,  as  many 
drift-filled  vatleye  do.  Besides  this  slight  incline,  two  of 
the  most  lane-like  and  pavement-like  of  them  have,  through- 
out at  least  a  part  of  their  length,  an  even  dip  of  two  or 
three  degrees  a  little  south  of  east,  or  at  right  angles  to  their 
length.     This  dip  I  am  unable  to  account  for.^ 

The  boulder-clay  which  underlies  and  originally  enclosed 
these  boulder-pavements  is  of  a  remarkably  fine  and  well- 
kneaded  kind,  strongly  clayey  in  its  matrix,  and  handsomely 
varied  in  the  atones  that  mottle  its  surface.  In  quality  it 
contrasts  very  decidedly  with  the  pavement.     In  some  places 


Sketch-plan  of  part  of  Boulder- paTement  (scale  1  inch  to  2  feet),  FiUysIde, 
near  Edinburgh.  The  arrow  denotes  direction  of  ice-movemant.  Note. — The 
intetspaces  between  the  stanes  were  occupied  by  the  dfbris  and  litter  of  th« 
aea-sbore. 

where  the  pavement  is  torn  up,  the  till  shows  from  under  it 
nearly  as  distinct  as  the  bed  of  concrete  under  the  causeway 

1  Mr  B.  N.  Peach  suggests  to  me  that  this  elope  may  be  due  to  their  posi- 
tion, tovards  one  aide,  in  the  interior  of  a  drum,  or  drUt-ridge,  non*  remoTed 
bf  breaker  action.  This,  a  priori,  is  extremely  lihely.  But  so  far  aa  I  have 
obserreJ,  moat  of  the  single  striated  boulders  on  the  coiut  hare  a  similar  tilt 
Drums  are  bilateral.     Why  do  these  slope  all  one  way ! 
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of  a  street  when  the  stones  have  been  raised  for  a  partial 
repair.  The  materials  of  the  pavements  are  about  as  various 
as  the  scattered  contents  of  the  till.  And  having  travelled 
different  distances,  with  different  usage,  some  are  more  angular 
than  others. 

While  the  general  slope  of  the  pavements  is  seawards  and 
southwards,  such  of  the  individual  boulders  as  are  best 
striated  have  more  or  less  of  the  usual  cant  towards  the  ice. 
But  they  are  modified  by  their  pavement-grouping  (Fig.  5). 
The  smaller  stones  that  are  fitted  in  among  the  others  have 
escaped  striation  altogether;  others,  rising  a  little  higher, 
have  been  brushed  atop;  while  others,  again,  have  been 
planed  off  as  flat  and  as  square- edged  as  a  laundry-maid's 
iron.  The  stones  that  have  escaped  striation  altogether  form 
perhaps  the  greater  number  of  the  whole.  And  it  must  by 
no  means  be  overlooked  that  some  of  these  boulder-groups 
upon  the  Fillyside  shore  are  simply  trains  of  boulders  con- 
fusedly huddled  together  and  unstriated :  and  that  it  is  only 
in  places  that  their  arrangement  is  really  so  workmanlike  as 
in  Fig.  5.  One  large  patch  of  stones  on  the  westmost  side, 
which,  imlike  the  others,  is  broad  enough  to  measure  fully 
70  yards  across,  and  has  only  one  straight  edge,  has  been  so 
lightly  passed  over  that  it  was  only  after  some  search  that  I 
found  any  signs  of  surface-glaciation  at  all.  On  the  whole, 
these  boulder-pavements  deserve  to  rank  among  the  most 
singular  glacial  phenomena  in  the  country.^ 

CoTvclusioins. 

The  four  general  conclusions  to  which  these  observations 
— backed  by  others  extending  over  some  hundreds  of  square 
mUes — lead,  may  be  stated,  to  a  considerable  extent,  in  the 
words  of  Maclaren  and  Hugh  Miller,  of  whose  early  obser- 
vations they  can  profess  to  be  only  an  extension. 

^  I  have  not  observed  the  appearance  of  which  Mr  Robert  Chambers  speaks 
(my  father  makes  no  allusion  to  it),  of  a  hollow  on  the  pavements,  as  if  some 
great  wheel  had  run  eastwards  and  left  a  slight  track.  One  cannot  but 
remark,  however,  upon  the  singular  prevalence  of  straight  lines  among  these 
boulder  groups,  that  gives  the  whole  Series  some  resemblance,  from  a  distance, 
to  the  hoUows  and  crests  of  a  roadway  deeply  marked  with  ruts. 
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1,  The   larger   bouWera   throughout   the   till,  aa 
already  stated,  ara  glaciated  geuerally  in  the  direction   of 
ice-flow. 

2.  To  this  glaciation  they  have  been  subjected  "in  tJie 
position  they  now  occupy." 

3,  The  till  was,  as  a  formation,  slowly  built  np,  and  "  pre- 
sented surface  after  surface  to  the  great  grooving  and  polishit 
i^cnt." 

4.  The  glaciating  agent  was  the  same  that  had  already 
acted  more  or  less  upon  the  rocka  below. 

The  applications  of  these  general  facta  may  be  summarised 
in  a  few  words.  "We  have  seen  that  the  glaciated  boulder- 
fiurfaces  correctly  register  the  direction  of  ice-movementa. 
They  ought,  therefore  (1),  to  serve  aa  guides  to  the  glaciation 
of  drift-covered  districts,  and  (2)  to  register  some  of  the 
changes  of  ice-movement  dui-^ing  the  progress  of  the  forma- 
tion, and  throw  better  light  upon  the  intercrossing  of  erratics. 
The  presence  of  pavement-boulders  may  also  ultimately  prove 
(3)  a  distinguishing  mark  of  those  formations  that  are  to  be 
correlated  with  the  true  till.  And  if  it  be,  aa  it  certainly 
seems,  impossible  for  icebergs  to  glaciate,  in  fixed  directions 
and  uniformly  upon  one  cheek,  so  many  blocks  lying  loose 


at  the  sea-bottom,  they  may  add  (4)  another  and  very  strong 
proof  of  its  or^n  as  a  gronnd-moraina 
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(1.)  Of  what  practical  value  boulder-glaciation  will  prove 
in  drift-covered  districts  generally,  especially  among  the  im- 
perfectly wrought-up  drifts  of  southern  England,  remains  to 
be  seen.  Dr  Croll  has  proposed  to  determine  the  movements 
of  the  ice  in  these  regions  from  the  direction  assumed  by 
contortions  in  the  drift.^  This  method  by  means  of  pave- 
ment-boulders seems  more  workable,  and  has  at  least  the 
advantage  of  having  been  tested. 

(2.)  The  extent  to  which  the  successive  surfaces  of  the 
boulder-clay  have  registered  the  changes  in  ice-flow  during 
its  formation  can  best  be  illustrated  by  a  concrete  example. 
Fig.  6  represents  two  boulder-clays  differentiated  by  (among 
other  things)  the  glaciation  of  the  boulders  they  contain  in 
directions  at  right  angles  to  one  another.  The  cross-hatch- 
ing on  rock-surfaces,  which  has  hitherto  been  brought  in  as 
evidence,  doubtless  register  one  or  two  of  the  earlier  changes 
of  ice-movement.  But,  except  where  it  can  be  supposed 
that  a  cover  of  boulder-clay  has  been  laid  down  and  stripped 
off  again  in  the  interval,  we  have  been  really  left  to  general 
evidence  as  to  the  variations  that  supervened  during  the 
stages  of  the  deposit.  Questions  respecting  the  intercrossing 
of  erratics  also  remain  as  yet  questions  of  general  evidence. 

If  the  till  were  an  evenly  deposited  formation,  it  might  be 
expected  that  all  the  changes  of  the  ice-currents  should  be 
registered  in  its  successive  layers.  But  the  till,  of  coui-se,  is 
an  irregular  formation.  Every  renewal  of  impetus  or  change 
of  direction  probably  caused  the  ice  to  attack  its  own  deposits 
at  changed  angles  or  with  renewed  force.  No  one  can  study 
the  till  minutely  without  seeing  that  erosion  and  reconstruc- 
tion .were  in  progress  simultaneously. 

In  the  neighbourhood  of  Edinburgh  the  direction  of  glacia- 
tion seems  to  have  remained  pretty  constant  throughout.  The 
same  may  also  be  said,  though  to  a  less  extent,  and  with 
remarkable  exceptions,  of  the  county  of  Northumberland.  But 
in  the  west  of  the  county — in  that  large  tract  of  low  ground 
that  borders  the  Solway — it  appears  to  have  been  otherwise. 
It  is  probable  that  the  Solway  Firth  may  be  viewed  as  a 

*  Climate  and  Time,  p.  462. 
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large  trough,  in  which  a  potpourri  of  boulder-clay  waa 
together,  ready  to  spread  out  eastwards  and  southwards. 

(3.)  Tlie  value  of  the  aurface-glaciation  of  boulders 
aa  a  distinguishing  mark  of  the  true  till,  or  of  the  deposits 
are  to  be  correllated  with  it,  chiefly  remains  for  the  future  to 
show.  To  illustrate  it  fully  is  beyond  my  power;  and  even 
to  illustrate  it  partially  would  lead  ine  further  into  local 
details  than  is  at  present  desirable.  I  may  say  in  a  word, 
however,  that  it  has  already  gone  far  to  resolve  some  ques- 
tions of  correlation  that  were  long,  to  me  at  least,  extremely 
doubtful 

(4.)  It  is  interesting  to  find  that  boulder-glaciation  in  situ 
by  glaciers  is  not  by  any  means  a  mere  hypothesis.  In  front 
of  the  glacier  of  the  Argentiere,  says  Professor  Bonney,  "  there 
is  an  extensive  area  now  covered  with  boulders,  which  within 
the  last  few  years  has  been  abandoned  by  the  ice.  .  .  . 
Many  of  the  smaller  blocks  on  this  area,  now  aliaost  concealed 
by  rubbish  scattered  from  the  retreating  glacier,  are  smoothed 
and  striated  as  if  by  passing  ice.  .  .  .  Here  and  there 
are  large,  prominent,  protogine  blocks,  several  of  which  dis- 
tinctly show,  by  the  striations  on  their  sides  and  surface,  that 
the  glacier  has  flowed  over  them.  Three  lie  near  together ; 
their  tops  are  polished  and  striated  and  littered  over  with 
moraine;  they  do  not  form  part  of  a  lateral  or  terminal 
moraine,  but  are  in  an  open  plain.  Striation,  stoss  and  lee 
seite — everything  is  just  as  it  should  be  had  the  glacier  flowed 
over  them,  and  each  has  a  tail  of  moraine.  The  largest  was 
12  by  7  by  5  yards."  * 

Mr  Bonney  continues — and  his  remarks  are  an  excellent 
comment  on  the  details  of  boulder-glaciation  with  which  I  have 
troubled  the  reader, — "  The  above  observations  tend  to  show 
that  ice  is  a  far  more  plastic  substance  than  some  physicists 
would  allow.  ...  It  occasionally  flows  after  the  manner 
of  water,  over  and  round  an  obstacle,  instead  of  sweeping  it 
away,  and  appears  to  pass  over  debris  as  a  river  does  over  a 
gravelly  bed." 

'  The  part,  however,  which  ice-moTemenU  took  in  mixing  np  this  bonlder- 
clay  preparation  is  not  yet  quite  certain. 

1  Notes  on  Olaciem,  Oeot.  Mag.,  1676,  p.  198. 
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II. — Fluxion-Structures. 

Longiti(din(d  StricUion  of  Stones  in  the  Till. 

It  is  one  of  the  most  characteristic  features  of  the  boulder- 
clay  that  all  its  almond-shaped  or  spindle-shaped  boulders 
are  striated  longitudinally. 

"  If  the  force  of  water  could  have  scratched  and  furrowed 
them,"  says  a  writer  whom  I  need  have  no  hesitation  in 
quoting,  "it  would  not  have  scratched  and  furrowed  them 
longitudinally,  but  across.  Stones  when  earned  down  a 
stream,  or  propelled  upwards  on  a  beach  by  the  waves,  pre- 
sent always  their  broader  and  larger  surfaces  to  the  moving 
force.  .  .  .  They  are  not  launched  forward,  as  a  sailor 
would  say,  end-on,  but  tumbled  forward  broadside.  They 
come  rolling  down  a  river  in  flood,  or  upwards  on  the  shore 
in  a  time  of  tempest,  as  a  hogshead  rolls  down  a  declivity* 
In  the  boulder-clay,  on  the  contrary,  most  of  the  pebbles  that 
bear  marks  of  their  transport  at  all  were  not  rolled  but  slidden 
forward  in  the  lipe  of  their  longer  axes.  They  were  launched 
as  ships  are  launched  in  the  line  of  least  resistance,  or  as  an 
arrow  or  javelin  is  sent  on  its  course  through  the  air."  ^ 

I  am  acquainted  with  the  writings  of  only  one  of  that 
famous  Scottish  school  of  geologists  to  whom  it  fell  first  to 
study  and  debate  the  boulder-clay,  who,  mainly  through  the 
perversity  of  his  views  on  the  subject,  hit  upon  what  I  con- 
ceive to  be  to  a  large  extent  the  rationale  of  this  fact. 
"  Although  the  clay,"  says  Fleming,  "  was  suflftciently  dense 
to  retain  the  boulders  floating  confusedly  in  its  substance,  it 
was  fluid  enough  to  admit  of  motion"  2 

Striation  by  means  of  the  Matrix. 

It  appears  certain  that  many  of  the  smaller  boulders  were 
slidden  along  and  glaciated  in  their  place  in  the  clay.     The 

^  Hugh  Miller,  On  Peculiar  Scratched  Pebbles,  etc.,  in  the  Boulder-Clay 
(Brit.  Ass.  Report,  1850,  p.  94). 

^  Lithology  of  Edinburgh,  p.  61.  Fleming  held  to  the  last  by  the  "mud- 
wave  "  theory.  He  does  not  appear,  however,  to  have  observed  the  fluxion- 
structures. 
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large  boulders,  aa  we  havs  siLfllciently  seen,  bear  strim  in  no 
wise  ditferJBg  from  thoae  of  glaciated  rock.  Pieces  of  coal  or 
shale  tlie  size  and  shape  of  a  taper  finger  nail,  on  the  other 
hand,  bear  lines  as  minute  and  magnifiable  aa  the  delicate 
lijiea  on  the  finger  nail.  These  littln  boulders  have  not 
apparently  been  brought  into  rude  and  direct  contact  with 
the  rock  or  with  each  other.  Their  striffi  are  just  auch  as 
■would  be  caused  if,  carried  along  in  a  wrapping  of  clay,  they 
had  been  scratched  by  the  particles  of  the  matrix,  and  dealt 
with  gently  and  with  approximate  equalisation  of  preaaure 
(see  Fig.  8). 

Structure  of  ike  Matrix. — Microscopic  Boulders. 
It  need  not  be  said  that  this  ia  not  restricted  to  boulders 
the  size  of  the  finger  nail.  It  is  possible  to  pick  out  from 
woil-wrought  boulder-clay  a  scale  of  lessening  sizes  leading 
down  to  a  point  at  which  the  glaciated  character  of  the 
particles  ia  lost  to  the  naked  eye.  "  If  the  clay  be  washed 
and  sifted,"  says  Professor  James  G-eikie,  "  it  will  be  found  to 
be  composed  of  grains  of  all  shapes,  sizes,  and  weights,  down 
to  the  finest  and  most  impalpable  flour."  ^  The  grains,  in 
fact,  exhibit  all  the  varieties  of  form  that  are  found  among 
lai^er  boulders.  Many  of  them  are  angular ;  others  are  in 
various  degrees  of  roundedness ;  others,  again,  are  of  char- 
acteristic oval  and  lobate  boulder-shapes — some  with  the 
indistinct  longitudinal  etching  of  surface  that  covers  many 
stones  in  the  boulder-clay  either  too  rough  to  take  strife  or 
not  long  enough  under  the  process,  and  some  striated  dis- 
tinctly.* Many  little  boulders  can  be  detected,  measuring 
about  the  100th  part  of  an  inch  in  length,  and  bearing  atrise 
about  the  ^-uVrr'^li  of  ^.n  inch  in  diameter. 

Fig.  7  represents  a  few  of  the  best  striated  and  most  char- 
acteristically shaped  boulders  obtained  by  washing  the  well-  ■ 
kneaded  houlder-clay  on  the  Fillyside  shore  free  from  the 

'  IntercroBaing  of  Erratics,  Scottish  Nataraliat,  vol.  vi.,  p.  2i9. 

'  I  sm  indebted  to  Professor  James  Getkie  for  first  informing  me  that  he 
had  detected  glacial  stria  on  felspar  grains,  running  transverse  to  the  planes 
of  mineral  striation  ;  and  on  the  first  occaaioo  on  which  I  looked  out  for  it 
myself  1  had  the  help  of  Mr  B.  N.  Peach. 
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more  floury  material.  The  residue  chiefly  consisted  of 
quartz-grains,  grains  of  shale  and  coal,  and  some  bits  of 
iron  pjrrites.    The  specimens  figured  in  the  woodcut  are  all 


a 


Fig.  7. 
Microscopic  Boulders. 

of  quartz,  except  the  smallest,  which  consisted  of  a  green 
serpentinous-looking  mineral,  extremely  lithographic,  and 
beautifully  turned  and  striated.  They  have  the  lobate  form 
of  the  glaciated  boulder,  with  one  end  more  pointed  and  the 
other  squarer  or  blunter.  Even  they  seem  in  some  cases  to 
have  been  launched  forward  end-on,  as  if  in  the  path  of  least 
resistance,  and  to  have  the  striae  passing  straight  along  the 
back,  and  bulging  slightly  out  around  the  sides.  And  in 
some  instances  I  thought  I  detected  firmer  striae  upon  the 
point  of  the  little  boulder  than  upon  its  broader  end. 

Granule-Gladation — How  Accomplished. 

All  this  seems  to  point  to  glaciation  within  the  matrix. 
"  The  blacksmith,  let  him  use  what  strength  of  arm  he  may, 
cannot  bring  his  file  to  bear  on  a  minute  pin  or  nail  until  he 
has  first  locked  it  fast  in  his  vice."  And  why  else  were  the 
almond-sized  boulders  glaciated  not  .in  contact  with  each  other 
or  with  the  rock  but  by  the  granules  of  the  matrix  ? 

Fluodon- Structure  in  Boulder-Clay. 

At  the  comers  of  streams  in  boulder-clay  districts  it  is 
usual  to  find  slipping  scars  of  boulder-clay  that  in  wet 
weather  are  turned  into  streams  of  slow-running  paste. 
When  these  are  examined — say  in  summer,  when  hard  baked 
— ^it  is  found  that  a  rude  structure  hasft)een  developed  by  the 
movement.  The  streaming  of  the  particles  has  steered  the 
stones  round  until  pressure  is  equal  on  both  sides.    Tlieir 
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I  axes  have  thus  been  dragged  into  the  line  of  flow.     In  the 

H  CEise  of  some  of  the  atones  over  which  the  pasty  current  had 

I  paaaed,  I  even  detected  faint,  fresh  scratches  running  among 

H  the  older  glacial  ones,  and  parallel  to  the  axis  of  the  atonij, 

H  Now,  this  is  a  structure  very  extensively  to  be  found  in  the 

H  boulder-clay  in  dlu. 
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represents  a  square  inch  of  the  horizontal  plane  of 
boulder-clay  on  the  foreshore  at  Fillyside.  The  clay  and  the 
stones  appear  to  have  been  in  motion.  The  axes  of  the  stones 
have  been  turned  by  a  common  force  in  a  general  direction — 
that  of  the  glaciation  on  the  boulder-pavements  adjoining — 
and  from  boulders  a  quarter  of  an  inch  in  length  one  can 
trace  a  scale  of  descending  sizes  down  to  minute  boulders  the 
size  of  a  very  small  portion  of  a  fine  pin's  point.  From  what 
we  have  just  seen  of  the  microscopic  structure  of  the  matrix, 
there  can  be  little  doubt  that  if  a  translucent  section  could 
be  obtained  for  the  microscope  the  grains  would  display  a 
structure  similar  to  the  crypto-crystaUine  fluxion-structure  of 
^neous  rocks.^ 

'  Unfortunately  the  attempta  to  render  thia  bonlder-clay  fit  for  slicing  by 
stifTentiig  irith  Canada  baleam  have  hitherto  Tailed  of  auccesa.  The  balsam 
refoaed  to  penetrate  the  clay.  In  an  excellent  band  specimen  which  I  cut 
oat  (and  from  part  of  which  Fig.  S  is  token),  the  results  of  Sniion -structure 
are  indicated  with  such  nicety  that  Mr  Peach  determined  the  direaion  of  ice- 
movement  withoDt  hesitation.  The  narrowed  ends  of  the  boulders  in  that 
specimen  chiefly  pointed  one  nay,  like  index  fingers.  But  this  ia  by  no 
means  general 
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Around  many  of  the  larger  boulders  the  current  is  seen  to 
have  divided  (Fig.  9).  The  longer  axes  of  the  little  boulders 
begin  to  diverge  at  the  point  of  the  big  one,  (with  perhaps 


Fig.  9. 

Sketch-plan  Fluxion -structure  around  a  boulder  (§  natural  size),  Fore-shore, 
Fillyside,  near  Edinburgh.     The  arrow  denotes  direction  of  ice-movement. 

a  boulder  or  two  stranded  against  its  point,)  and  course 
alongside  it,  keeping  a  general  parallelism  with  the  sides 
as  they  go.  A  few  inches  on  either  hand  the  general 
course  of  the  current  remained  undisturbed.  In  all  cases 
which  I  have  examined,  the  gritty  matrix  must  have  moved 
past  the  stone  as  the  tide  moves  past  a  skiff  at  anchor. 
Fig.  10  is  a  sketch  rudely  representing  a  very  delicate  and 
beautiful  fluxion-pattern  around  a  boulder  in  till,  on  the 
South  Tyne  near  Haltwhistle,  more  distinct  in  its  fine  hair- 
lining  than  I  would  have  expected  to  find  in  a  gritty  boulder- 
clay.  The  boulder,  which  was  somewhat  pear-shaped,  5 
inches  deep,  and  of  limestone,  was  striated  from  top  to 
bottom  on  the  whole  side  that  met  the  ice.  The  blunt  end 
was  smooth,  but  I  observed  no  striae ;  and  it  resembled  the 
rounded  joint  of  a  bone,  compared  with  its  lined  and  glancing 
shaft.  Several  converging  lines  showed  that  the  current  had 
closed  in  after  passing. 
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Now,  all  this  is  unmistakable  fluxion-stnicture.  "  In  what 
is  termed  fluxion-structure,"  aays  Mr  Arch.  Geilde,  "crystals 
or  crystallites  are  arranged  in  current-like  lines,  with  their 


long  axes  in  the  direction  of  these  lines.  Where  a  lai^e 
older  crystal  occurs,  a  train  of  minuter  individuals  is  found 
to  sweep  round  it,  and  to  reunite  on  the  further  side.  .  ,  . 
So  thoroughly  is  this  motion  characteristic  of  a  somewhat 
viscid  fluid,  that  there  cannot  he  any  douht  that  such  was  the 
condition  of  these  masses  before  their  consolidation."  ^ 

There  can  he  as  httle  douht  that  the  structures  I  have 
described  indicate  the  dragging  along  of  a  surface  layer  of 
the  boulder-clay,  accompanied  with  a  shearing  movement 
of  particle  upon  particle,  producing  intimate  glaciation 
within  the  mass. 


The  Movement  Differential. — Thickness  of  Flvxion- Layer. 

It  ia  not  probable  that  this  shearing  layer  of  boulder-clay 
was  thick.  A  granular  movement  of  the  matrix  of  a  kind 
sufficient  to  produce  striation  of  quartz  grains  must  have 
been  accompanied  with  vast  friction.  Any  force,  however 
great,  may  well  have  been  reduced  to  nothing  when  distri- 
buted among  such  numbers  of  inert  particles — as  the  force  of 
a  cannon  ball  is  spent  when  it  buries  itself  in  sand. 

The  fractured  boulder  in  Fig.  11  seems  to  indicate  in  an 
interesting  manner  that  the  movement  was  differential  in 
character,  and,  like  the  movement  in  a  glacier,  decreased 

'  Test  Book  of  Geology,  Isted.,  p.  101. 
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downwards.  The  main  body  of  the  larger  boulder  repre- 
sented has  evidently  come  into  a  state  of  rest,  along  with  the 
lower  part  of  the  deposit.    The  striae  on  its  upper  part  indi- 
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Fig.  11. 

Section  indicating  differential  niovement  in  gravelly  Till,  New  Dock, 
Silloth.    Scale  about  1  inch  to  li  feet.     B.CL  gravelly  'nil,  Sd.  Sand. 

cate  that  moving  stones  and  clay  had  continued  to  pass  over 
it  for  some  time  afterwards,  while  the  till  was  slowly  gather- 
ing around.  The  fractured  and  detached  cap  of  the  boulder 
was  carried  on  (in  the  direction  of  ice-movement),  owing  to 
this  continued  movement  of  the  later  deposit ;  and  after  it 
had,  in  turn,  ceased  to  move,  the  gravelly  till  had  continued 
to  pass  on,  the  stones  sliding  up  its  front  slope  with  axes 
adjusted  parallel  to  it,  and  then  turning  over  as  if  plunging 
down  with  the  sluggish  current  on  the  further  side.  The  little 
sand-bed  above  is  one  of  the  ordinary  insertions  of  aqueous 
deposit  in  the  till,  and  may  indicate  a  little  contemporaneous 
erosion  by  means  of  water,  or  the  formation  by  some  means 
of  a  small  unoccupied  basin  or  pouch  on  the  surface  of  the 
clay. 

To  satisfy  inquiry  as  to  the  thickness  of  the  fluxion  layer 
is  a  matter  of  some  difl&culty.  But  an  answer  may  perhaps 
be  suggested  by  the  relation  of  the  till  to  its  larger  boulders 
that  were  glaciated  in  situ.  The  large  Edinburgh  boulder, 
with  its  fine  glaciation  atop,  represented  in  Fig.  3,  was  2^ 
feet  high,  and  had  been  glaciated  only  to  a  depth  of  about  15 
inches.  It  appears,  therefore,  that  while  its  upper  surface 
was  in  direct  contact  with  the  glaciating  agent,  its  lower 
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part,  18  inches  imbedded,  was  surrounded  by  motionless  till. 
And  if  this  reasoning  holds  good  in  general,  the  thickness  of 
the  Quxiou-layer  cannot  have  exceeded  a  few  inches.  This 
line  of  inference,  however,  is  a  very  insecure  one,  depending 
primarily  upon  an  unascertained  fact,  viz.,  the  direct  proximity 
of  the  glaciating  agent  to  the  upper  surface  of  the  boulder.  I 
have  frequently  seen  little  bits  of  shale,  not  more  than  ^V'^ 
of  an  inch  deep,  of  which  the  upper  surface  was  well  rubbed, 
while  the  lower  surface  was  almost  untouched.  The  sole  of  tht 
boulders,  as  Robert  Chambers  used  to  term  their  flatter  side, 
seems  generally,  in  fact,  to  have  travelled  uppermost.  And 
it  may  be  remarked  that  the  fact  noticed  by  Dr  James 
Geikie,  that  there  is  "  some  curious  connection  "  between  the 
size  of  the  stone  and  the  coaraeness  of  its  striEe,  seems  to 
imply  that  every  boulder  was  liable  to  be  striated  by  just 
such  materials  as  were  mote  mobile  than  itself.  But,  quitting 
these  obscurities,  it  seems  at  least  quite  certain  that  in  sections 
such  as  that  of  Fig.  6,  where  different  boulder-clays  overlap, 
the  movement  extended  no  considerable  distance  downward, 
I  am  aware  that  it  is  usual  to  suppose  the  pressure  and 
motion  of  the  ice  to  have  been  transmitted  through  thick 
masses  of  drift  and  down  to  the  surface  of  the  rock  below,  so 
that  the  till,  like  a  rolling  snowball,  licked  up  its  additions 
from  beneath.  Mr  Tiddiman,  for  instance,  takes  this  view  of 
the  drift  of  the  Lancashire  uplands,  and  represents  the  local 
drift  as  actually  forming  beneath  an  older  and  further-derived 
drift  superposed.  It  appears  more  probable,  however,  that 
the  local  drift  was  manufactured  whilst  the  foreign  import 
was  still  on  the  way.  This,  at  least,  is  the  only  intelligible 
explanation  of  either  the  structure  or  the  order  of  the  drifts 
of  which  I  have  any  practical  knowledge.  It  seems  too  much 
to  assume  that  "  the  whole  mass  of  debris  "  was  in  motion  at 


Distribution  of  the  Flvxion-Structures. 

Fluxion-structure,  so  far  as  I  am  aware,  is  generally  char- 
acteristic of  well-kneaded  till  upon  tolerably  open  ground. 
My  first  attempts  to  discover  it;  about  seven  years  ago,  met 
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with  bat  doubtM  success.  They  were  made  at  eections, 
vbieh,  tKoiigh  the  best  I  then  had  access  to,  lay  too  much 
under  the  shelter  of  higher  ground.  In  nplying  situations 
also,  where  the  drift  i3  apt  to  be  a  hash  of  angular  iragtnents 
in  a  coarse  and  scanty  matri^i,  fluxion-structure  is  generally 
difficult  to  detect ;  and  the  same  may  be  said  of  that  top- 
dressing  of  raw  materials  which  forms  the  capping  of  many 
good  sections.    Nor  can  it  be  invariably  expected  even  in  the 


most  favourable  situations.  Fig.  12  represents  a  contorted 
fluxion-structure  of  differently  coloured  clays  kneaded  to- 
gether, which  better  than  any  words  will  explain  the  reason. 
It  is  obvious  that  a  structure  of  this  kind  could  only  be  dis- 
played where  the  section  is  unusually  clean  and  the  texture 
onusually  fine,  and  where  there  has  been  a  warp  and  woof 
of  distinct  boulder-clays  to  work  tc^ether.  In  general,  this 
rolling  and  kneadiug  would  produce  nothing  but  confusion. 
No  student  of  the  till  needs  to  be  reminded  of  the  frequency 
of  obscure  symptoms  of  contortion  within  its  mass. 


Orientation  hy  Means  of  Fhixvm-Structv/re. 
I  have  only  recently  made  any  strict  test  of  the  extent 
to   which   the    direction   of    ice-movement   can    be   deter- 
mined    from    the    symptoms    of    fluxion-structure    alone. 
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Cboosiag  a  tract  on  tlie  watershed  of  England,  lying  south- 
ward from  Spadeadam  Waate,  in  the  pariah  of  Lanercost, 
Cumberland,  a  monotonous  rolling  elope  covered  with  long, 
low  drums,  from  the  treud  of  which  it  might  be  inferred  that 
the  drift  had  been  well  drawn  out  in  the  direction  of  ice-flow, 
I  ascended  the  streams,  and  at  i'avourable  points  (I  preferred 
points  at  which  I  had  as  nearly  as  possible  lost  my  beai'ings 
among  their  windings)  set  myself  to  orientate  from  its  struc- 
ture. The  following  list  of  the  trials  made  will  indicate  the 
extent  of  my  success.  The  rock  striations  of  the  neighbour- 
hood vary  between  E.  10  N.  and  E.  20  S." 

1.  E.  20  N. 

2.  N.  Bud  3. 

3.  Indetermmnte. 

4.  E.  and  W. 
6.  E.  20  N. 

6.  E.  10  N. 

7.  ludetenuinite. 

8.  E.  20  N. 

9.  E.  6  S. 
10.  Iiidotetmiuato. 


'  15.  E.  and  W. 

16.  iDdeterminate. 

17.  Contorted. 

18.  E.  G  N. 

19.  E.  10  a 


In  the  cases  marked  indeterminate  I  failed  to  "agree 
upon  a  verdict"  But  in  general,  exercising  proper  care,  and 
taking  one  stone  with  another,  and  having  regard,  especially, 
to  such  groups  of  well-glaciated  spindle-shaped  stones  as 
agree  in  their  trend,  and  serve  as  the  index-boulders  of  the 
sections,  the  verdict  may  be  given  with  considerable  confi- 

'  It  ia  quite  worth  noting  that  while  the  rock  striationa  are  generaUj  east 
or  a  little  south  of  it,  the  trend  of  the  druma  is  almost  invariaUy  north  of 
Bast,  though  generally  leas  ttian  twenty  degrees. 

*  From  this  point  downwards  the  observationa  were  made  on  lower  ground 
farther  west 
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dence.  Many  stones  have  veered  to  this  side  or  to  that,  or 
tilted  into  the  various  positions  that  give  the  appearance  of 
structurelessness  to  the  whole;  but  these  variations  often 
cancel  one  another  in  favour  of  the  mid-line  along  which  the 
best  index-boulders  lay  their  axes. 

To  account,  however,  for  all  the  variations  apparent  in  any 
one  section,  it  would  be  necessary  first  to  see  all  round  it. 
In  the  shore-sections  near  Portobello,  there  seemed  in  places 
to  be  interferences  with  the  normal  direction  of  fluxion-struc- 
ture which  there  was  nothing  apparent  to  account  for.  Behind 
some  large  boulders  also  I  seemed  to  detect  considerable 
confusion.  In  the  tails  of  drift,  whether  behind  boulders  or 
bosses,  confusion  might  be  expected.  And  in  such  stifl*  and 
slow-moving  materials  it  is  difficult  to  say  how  long  it  need 
take  the  stones  to  regain  their  normal  drift} 

III. — Conclusion. 

It  would  probably  be  vain  to  take  any  one  structure  in  the 
till  and  expect  it  to  be  universally  characteristic.  Fluxion- 
structure,  as  we  have  seen,  is  not  universally  characteristic, 
for  there  are  materials  too  coarse  or  too  raw  to  assume  it. 
Neither  can  the  surface-glaciation  of  boulders  in  their  place 
in  the  clay  be  declared  to  be  universally  characteristic.  There 
are  boulder- clays  whose  boulders  were  too  small  to  withstand 
it. 

^  I  have  seen  no  evidence  of  any  regulated  eddy.  In  some  cases  I  have 
noticed  that  the  force  brought  to  bear  upon  the  front  of  a  boulder  had  evi- 
dently compressed  the  till  behind  it,  imparting  a  kind  of  concentricity  to  the 
axes  of  the  little  boulders. 

There  is  a  peculiarity  of  structure  in  the  Fillyside  till  to  which  I  may  refer. 
It  was  observed  by  Mr  Peach  in  the  hand  specimens  I  showed  him,  that  the 
smaU  boulders  were  mostly  laid  up  on  edge,  as  if  running  on  their  keels. 
Now,  it  might  be  expected  that  where  there  was  much  lateral  pressure  the 
clay  might  assume  some  of  the  characteristics  of  the  cleavage  of  slaty  rocks  or 
of  laterally  compressed  ice.  And  one  of  the  symptoms  of  the  lateral  pressure 
might  be  that  the  little  flat  boulders  would  erect  themselves  on  edge.  The 
difficulty  is  that,  so  far  as  can  be  seen,  there  is  no  compressing  cause  on  the 
gentle  side-slope  of  an  open  valley.  There  is  nothing  to  produce  even  cleavage- 
structure  in  ice.  This  edge-position  of  the  boulders  is  not  the  usual  one.  I 
fail  to  find  it  in  valleys,  where  it  might  be  much  more  expected,  if  this 
explanation  were  the  correct  one. 
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But  it  may  at  least  be  aaid  that  these  two  varieties  of 
structure  are  iu  a  siogular  degree  complementary  of  one 
another.  Both  of  them,  each  in  its  own  way,  tella  the  story 
of  the  building-up  of  the  boulder-clay  slowly  and  under 
pressure. 

It  seems  certain  that  the  pressure  must  have  been  that  of 
a  vast  and  wide-spreading  mass — a  mass  closely  investing 
and  slow-moving  and  heavily  dragging.  I  had  meant  to 
enter  in  some  detail  into  the  theories  of  glaciation  as  beat- 
ing on  these  structures ;  but  it  seems  almost  unnecessary. 
I  have  tried  to  conceive  of  thousands  of  boulders  dotted 
through  the  ooze  of  a  silty  sea -bottom  over  hundreds  of  square 
miles,  each  awaiting  the  chance  scrape  of  a  passing  berg,  and 
eight  out  of  every  ten  (in  many  open  situations),  though  objects 
so  small  and  so  loose,  fated  to  receive  a  heavy  and  persistent 
striation  on  one  cheek ;  but  in  the  case  of  boulders  6  and  9 
inches  long  it  seems  physically  impossible,  I  have  also  tried 
to  imagine  long  hollows  trailed  out  by  dragging  icebergs  into 
which  the  semi-fluid  clay  of  the  aea-bottom  should  run,  some- 
what as  the  wind  runs  along  with  a  train,  but  it  gives  to  the 
prevalence  of  flu siou -structure  an  exceedingly  lame  and 
partial  explanation.  Nor  is  loose  coast  ice,  which  glaciates 
horizontally  in  zones,  nor  the  frame  of  the  ice-foot,  which 
must  glaciate  radially  from  the  centre  of  every  island  and 
promontory,  at  all  a  more  adequate  explanation. 

But  to  the  theory,  if  it  must  still  be  termed  a  mere  theory, 
of  confluent  glaciers,  one  turns  as  to  a  really  competent  agent. 
For  the  fluxion-structure  it  accounts  at  once.  It  needs  only 
to  be  assumed  that  the  dragging  ice  communicated  something 
of  its  own  motion  and  structure  to  the  clay  over  which  it 
passed.  We  know,  if  only  from  Tresca's  experiments,  that 
ice  assumes  a  fluxion-structure  under  a  pressure  that  induces 
movement.  From  his  other  experiments  we  are  also  made 
awai-e  that  even  solids  as  dense  as  lead  and  iron  are  made  to 
"  undergo  an  internal  motion  of  their  parts  "  when  they  are 
"placed  between  thejawsofa  powerful  compressing  machine,"' 
That  under  the  jaws  of  a  much  more  powerful  compressing 
machine  boulder-clays  should  undergo  this  "  motion  of  parts  " 
^  A.  Geikie,  Text  Book  of  Oeology,  p   313. 
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and  develop  fluidon-structure,  was  quite  to  be  expected.  It 
need  scarcely  be  remarked  that  the  other  structure  to  which 
I  have  devoted  this  paper  is,  generally  speaking,  a  result  of 
the  same  process.  The  fluxion-structure  is  the  result  of 
movement ;  the  pavement-boulders  are  those  elements  in  the 
materials  that,  making  of  themselves  inclined  slides,  could 
best  resist  the  movement,  and  were  striated  atop  in  resisting. 
It  does  not  follow,  however,  that  wherever  we  find  an 
orientation  of  boulders  in  the  tjU  there  was  fluidal  motion 
in  the  layer  in  which  they  lie.  If  the  ice  had  a  fluxion- 
structure  of  its  own,  such  boulders  as  were  incorporated  within 
its  mass  would  arrange  their  axes  conformably ;  and  when 
they  lagged  and  came  to  rest  and  were  imbedded,  they  might 
retain  in  many  cases  the  arrangement  that  marked  them  when 
in  motion.  There  seems  to  be  some  proof  that  this  was  often 
the  case.  In  many  boulder-clays  there  occurs  a  certain 
structure  of  irregular  horizontal  planes  having  some  tendency 
— sometimes  a  very  marked  one — to  coincide  with  the  sur- 
faces of  pavement-boulders,  and  dodging  unevenly  among  the 
others.  Some  of  these  wavy  planes  may  be  due  to  pressure 
— ^an  incipient  sort  of  cleavage  developed  under  the  weight  of 
the  ice.  Sometimes,  however,  the  planes  may  be  seen  to  open 
out  a  little  and  to  include  siftings  of  clay  or  washes  of  sand 
and  stones  of  a  different  texture  to  the  till ;  and  I  believe 
that  they  probably  are  more  often  due  to  packing  than  to 
pressure.  They  somewhat  resemble  these  uneven  planes  that 
in  a  packing-case  mark  the  order  in  which  the  bunches  of 
straw  were  bundled  in  and  packed  down  and  smoothed  over, 
and  the  glaciated  boulders  and  the  slight  surface  washes  mark 
the  intervals.  Mr  Mackintosh,  indeed,  refers  them  to  aqueous 
lamination  entirely ;  but  this  view  does  not  stand  the  search- 
ing examination  to  which  it  has  been  subjected  by  Professor 
James  Geikie.^  Professor  Geikie  himself  regards  them  as 
pressure-planes.  I  am  convinced,  however,  that  in  many 
cases  they  indicate  a  rude  stratification  of  that  clumsy  kind 
that  marks  periodical*  accumulations  in  which  the  sifting 
agency  of  water  has  not  been  concerned,  such  as  the  refuse 

^  The  Intercrossing  of  Erratics  in  Glacial  Deposits  (Scottish  Naturalist, 
vol.  vi.,  pp.  193,  241). 
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of  blast  furnaces  and  of  shot  rubbish  heaps  in  general,^ — that 
they  are,  in  short,  irregular  planes  marking  successive  accre- 
tions of  till.  If  this  be  80,  it  follows  that,  where  numbers  of 
these  planes  intersect  the  planes  of  forward  movement  in  the 
boulders,  the  fluxion-structure  is  the  ^iseurfo-fluxion-structure 
I  have  referred  to.^ 

Of  the  boulder-pavements  on  the  Portobello  shore,  I  have 
no  very  novel  explanation  to  offer.  It  seems  likely  that,  as 
my  father  suggested,  they  must  mark  some  kind  of  contem- 
poraneous erosion.  The  variety  of  their  materials  seems  to 
prove  that  they  were  first  incorporated  with  the  till  in  the 
ordinary  course  of  its  formation,  and  assumed  their  peculiar 
grouping  subsequently.  But  whether  the  erosion  was  glacial 
or  aqueous  it  is  difQcult  to  say.  I  have  seen  straight  ravines 
on  boulder-clay  slopes  lined  with  washed-out  blocks  that,  if 
passed  over  by  a  gigantic  roller,  would  flatten  out  into  trains 
not  unlike  these  pavements ;  and,  of  course,  in  the  case  of  a 
glacier,  the  roller  would  be  one  that  might  both  flatten  and 
erode.  Nor  need  it  be  wondered  at  that  the  trains  should 
flatten  out  in  places  with  pavement-like  regularity.  The 
stones  in  any  ordinary  stream,  if  they  have  but  flattened 


'  There  is  gome  reaiou  to  think  that  the  strncture  in  Fig.  10  is  of  thia 
kind.  The  shapeH  of  the  atones  in  the  till,  moreover,  seem  to  prore  that 
some  of  them  moved  li'eel;  itnd  indeyendentlj.  Boulders  having  a  curved 
sole  appear  to  have  rocked  as  thej  went ;  boulders  with  a  twist  or  alue 
in  them  hirpled  along  more  or  less  zig-zag.  When  a  deposit  like  botilder- 
clay  is  in  question,  however,  it  appears  unsafe  to  draw  sweeping  deductions 
from  single  facts.  I  find  that  Mr  John  Henderson,  our  well'known  Edin- 
bmgh  geologist,  declares,  respecting  a  large  thin  slab  of  sandstone,  7 
or  S  feet  in  its  diameters,  and  only  about  a  foot  thick,  which  he  found 
carried  from  its  original  bed  half-a-mUe  on  to  felstone  rocks  near  Bonally, 
that  it  must  have  been  floated  by  ice ;  "for,"  says  Mr  Henderson,  "if  it 
had  been  picked  up  at  the  bottom  of  a  glacier,  and  rabbed  up  one  hill 
and  down  another,  to  the  spot  where  it  ia  now  lying,  such  a  large  thin  alab 
must  have  been  broken  all  to  pieces"  (Trans.  Geol.  Soc,  Edinb.,  vol.  ii.,  p. 
3SC>).  But  are  there  no  alteruatives  t  It  may  have  fallen  upon  the  ice  during 
a  thawing ;  or  it  may  have  worked  up  into  the  ice  and  scarcely  touched  the 
rock  at  all ;  or  it  may  have  been  detached  from  a  projecting  ont-crop  ridge, 
and  so  got  inserted  at  once  into  the  body  of  the  ice  ;  or  it  may  have  lain  in 
drift  a  few  feet  from  its  parent  bed,  and  in  some  slight  change  of  ice-move- 
ment been  carried  away  witli  drift  still  round  it.  It  ia  quite  certain  at  leaat 
that  a  few  snch  facts  or  riddles  will  not  upset  the  glacier  theory. 


The  Breadalbane  Mines.  189 

sides,  are  arranged  in  a  sort  of  imbricated  pavement  already. 
But  there  are  one  or  two  details  of  their  structure  that  do 
not  quite  so  well  consort  with  this  explanation. 

There  is  another  kind  of  linear  arrangement  with  which  I 
may  suggest  that  the  pavement-boulders  have  occasionally 
something  to  do.  I  refer  to  certain  of  the  drums  or  drumlins. 
It  has  often  puzzled  me  how,  in  an  open  country,  where  there 
are  no  bosses  of  rock,  these  long  drift  ridges  can  have  come 
into  existence.  It  is  easy  to  conceive,  however,  of  the  lodg- 
ment of  groups  of  boulders,  having  the  familiar  arrangement 
suited  to  resist  further  transport,  which  should  afford  shelter 
to  tails  of  drift,  as  the  chance  grains  under  a  house-painter's 
brush  give  shelter  to  little  tails  of  paint ;  and  that  with  this 
beginning  a  sort  of  composite  roches  moutonndes  should  be 
gradually  built  up,  each  more  or  less  faced  with  pavement- 
boulders.     The  suggestion  may  at  least  be  made. 
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Introduction. 

We  propose  to  give  in  the  following  pages  a  short  account 
of  the  metal  mines  in  the  district  of  Breadalbane,  in  Perth- 

^  Communicated  by  permission  of  the  Director-General  of  the  Geological 
Surrey. 
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shiie.  They  are  all  aitnated  in  the  vfld  and  beantifnl  part 
of  the  Highlands  drained  by  the  Tay  aoA  its  ttibataries,  and 

in  describing  them  we  shall  begin  with  the  highest— Tyn- 
drum — and  take  the  others  in  order  as  we  descend  the  valley, 
A  list  of  the  various  metallic  aud  non-metaUie  minerals  from 
each  locality  will  be  given  along  with  some  account  of  the 
history  of  the  mines,  while  special  reference  will  be  made  to 
the  geological  structure  of  the  ground.  A  general  comparison 
will  also  be  drawn  between  the  features  of  these  and  other 
ore  deposits,  and  notes  will  be  made  on  the  facts  bearing  on 
their  formation. 

Short  notices  of  the  mines  at  Tyndrura  are  given  in  the 
Old  and  New  Statistical  Accounts  of  Scotland,  but  the  first 
paper  of  any  value  was  written  by  F.  Odemheimer,  and  is 
published  in  Vol.  VII.  of  the  Highland  Society's  Tratisactions 
(1841)  under  the  title  "  The  Mines  and  Minerals  of  the 
Breadalbane  Highlands."  The  author  gives  a  description  of 
the  mines  at  Tyndrum,  Tomnadashan,  and  Corrie  Bui,  with 
their  ores  and  accessory  minerals,  and  indicates  the  position 
of  several  small  untried  veins  around  Taymoutli, 
-  Gnstavna  Thost,  who  was  the  last  manager,  gives  a  more 
extensive  account  of  the  mines  and  minerals  of  Breadalbane 
in  a  paper  communicated  in  1860  to  the  Geological  Society 
of  London.^  His  description  of  the  geological  structure  of 
the  various  localities  is,  however,  rather  vague,  and  we  hope 
now  to  throw  a  little  new  light  on  the  subject,  as  we  have 
worked  out  the  geolt^  of  the  region  in  some  detail.  To  add 
perspicuity  to  the  text  we  have  constructed  geological  maps 
and  horizontal  sections  of  the  two  principal  areas  under 
notice.  Our  best  thanks  are  due  to  Mr  James  Bett,  factor  to 
Lord  Breadalbane,  who  has  kindly  allowed  us  access  to  plans 
and  papers  relating  to  Uie  mines  kept  in  the  Estate  Ofdce. 

I. — Lead  Mines  of  Tyndrum. 

1.  Geological  Structure  of  Qronnd.— The  district  we  are 
about  to  notice  embraces  the  head  of  Strath  Fillan  and 
the  ground  on  the  north  side  of  the  Ooninish  valley.     It 

'  Proceedings,  voL  xvi.,  p.  421. 
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is  traversed  by  a  line  of  fault,  with  a  N.E.  and  S.W.  trend, 
which  roughly  divides  it  into  two  portions.  The  part 
on  the  west  side  of  the  fault  consists  of  hard,  massive, 
slightly  ferruginous  quartzites,  with  lenticular  beds  of 
mica  schist;  while  the  less  hilly  country  on  the  east  side 
is  almost  entirely  composed  of  the  hydromica  schist  so 
abundant  in  this  part  of  the  Highland  area.  The  section  in 
Fig.  1  is  drawn  along  the  course  of  the  Allt  nan  Sae,  a  stream 
which  crosses  the  strike  of  the  beds  as  it  flows  south-east- 
wards down  the  slope  of  the  Meall  Odhar  towards  the 
Coninish  river.  The  MeaU  Odhar  (2046  feet  high)  forms  the 
central  part  of  a  ridge  which  trends  eastwards  towards 
Clifton,  ending  in  the  Sron  nan  Golan,  in  which  the  mines 
are  situated.  Immediately  to  the  west  of  the  Meall  Odhar 
there  is  a  col,  on  the  other  side  of  which  the  ground  rises  in 
Beinn  Chuim  to  a  rugged  mountain  peak,  which  looks  down 
on  the  Coninish  valley  from  an  altitude  of  2878  feet. 

The  schists  (Fig.  1)  which  form  the  eastern  part  of  the 
ridge  are  well  exposed  along  the  bed  of  the  Allt  nan  Sae  for 
a  distance  of  half  a  mQe  upwards  from  its  mouth.  A  steadily 
descending  section  of  greenish  and  silvery  grey  hydromica 
schist  is  there  passed  over.  The  dip,  as  the  arrows  on  the 
map  indicate,  is  to  S.  and  S.S.K,  and  increases  from  20°  or  25° 
at  the  foot  of  the  hill  to  50°  at  the  point  where  the  fault 
crosses  the  stream.  A  felsite  dyke  traverses  the  schists  a 
short  distance  below  the  fault,  and  still  farther  down  in  the 
stream  section  we  have  observed  a  bed  of  hornblende  schist 
containing  magnetic  pyrites.  The  schists  are  veined  with 
white  quartz,  which  increases  in  quantity  towards  the  fault. 

Forming  a  series  of  picturesque  cascades,  over  which  the 
bum  rushes,  the  quartzites  make  their  appearance  at  the  foot 
of  the  falls,  where  they  abut  abruptly  against  the  softer  mica 
schists.  At  this  point  the  direction  of  hade  is  not  very  clearly 
indicated,  but  on  tracing  the  fault  northwards  across  the  hill 
to  the  ravine  adjoining  the  mines,  the  downthrow  is  clearly 
seen  to  be  to  the  south-east.  The  quartzites  thus  belong  to 
a  horizon  lower  than  that  of  the  schists,  and  are  probably  of 
the  same  age  as  the  Glen  Lyon  and  Schiehallion  grits.  In  the 
neighbourhood  of  the  fault  the  quartzites  have  been  shattered. 
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and  the  breccjated  mass  thus  formed  lias  been  subsequently 
recemented  with  cryataUine  quartz  containing  grains  and 
crystals  of  copper  pyrites,  zincblende,  and  galena. 

From  the  fault  to  the  top  of  the  hum — a  distance  of  nearly 
a  mile^the  aection-ia,  aa  before,  a  continuously  descending 
one.  The  series  which  dips  S.K  at  an  average  inclina- 
tion of  30°  ia  composed  of  white  and  slightly  ferruginous 
quartzites,  with  a  few  lenticular  bands  of  mica  schist.  One 
small  vein  of  harytea  crosses  the  bum  otiliquely  near  the  top, 
and  is  in  turn  intersected  by  two  veins  of  blind  quartz 
exposed  in  the  bed  of  the  stream.  A  few  yards  below  the 
old  dam,  through  which  the  stream  flows,  a  basalt  (dolerite) 
dyke  appears  on  the  bank,  and  aeems  to  be  a  continuation 
of  that  on  the  southern  side  of  the  hill  above  the  mines. 

The  "Quartz  reef"  or  "Mother  vein"  of  the  old  miners 
here  crosses  the  stream  and  forms  part  of  the  dam  wall. 
Tt  runs  N.JT.E.  and  S.S.W.,  and  appears  to  be  vertical. 
Protruding  through  the  brown  peat  and  heather  of  Meall 
Odhar,  the  hand  of  white  quartz  forms  a  well-marked  feature 
along  the  southern  shoulder  of  the  hill.  The  outcrop  is  con- 
tinuous for  a  distance  of  a  mile  and  a  quarter  between  the 
old  dam  and  the  northern  branch  of  the  AUt  Eas  Anie.  The 
average  thickness  of  the  reef  is  20  feet,  and  throughout  its 
entire  length  is  composed  of  unmetalliferous  white  quartz. 

The  chief  workings  of  the  Tyndrum  mine  are  in  the  northern 
side  of  the  Sron  nan  Golan.  Bare  of  vegetation  and  drift,  the 
rock  surface  is  obscured  only  by  occasional  patches  of  debris 
from  the  various  levels,  and  the  geological  structure  ia  at 
once  apparent  It  is  identical  with  that  exposed  in  the  Allt 
nan  Sae  which  we  have  already  noticed.  The  workings  are 
bounded  on  the  east  by  a  deep  ravine,  through  which  runs 
the  fault  separating  the  hard  quartzites  from  the  less  durable 
schists.  The  east  side  of  the  gully  is  composed  of  beds  of  a 
soft,  greenish,  spotted,  mica  schist,  considerably  corrugated 
and  contorted.  The  schists  dip  from  S.  20°  W.  to  S.  10°  K, 
and  thus  strike  obliquely  against  the  fault,  while  the  quartzites, 
with  a  S.  50°  E,  dip,  strike  almost  parallel  to  the  line  of  dis- 
location. The  quartzites,  which  are  here  very  hard,  have  a 
dull  brown  or  grey  hue,  and  occur  in  beds  separated  by 
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occasional  partings  of  mica  schist,  thus  resembling  in  every 
respect  those  of  the  Allt  nan  Sae. 

The  mica  schists  are  exposed  in  a  continuously  descending 
section  to  the  north  of  Clifton.  The  position  of  the  fault  at 
this  locality  has  been  fixed  by  means  of  a  "  costean "  made 
by  the  Scots  Mining  Company  at  the  east  side  of  the  Inver- 
oran  Eoad,  and  about  f  of  a  mile  from  the  village. 

2.  Geometrical  Relations  of  (a)  the  Tjrndnun  and  (5) 
the  Coninish  Veins.— a.  The  metalliferous  deposits  at  Tyn- 
dmm  are  all  in  veins,  one  of  which  is  situated  at  Coninish 
in  the  S.W.  comer  of  the  accompanying  map,  and  the  remain- 
ing two  in  the  more  immediate  neighbourhood  of  Tyndrum. 
Other  small  veins  are  shown  on  the  map,  but  we  do  not  pro- 
pose to  describe  them  here,  as  we  believe  them  to  be  of  no 
great  commercial,  or  scientific  interest. 

The  Tyndrum  veins  run,  as  we  have  already  seen,  through 
the  Sron  nan  Colan,  and  the  ore  has  been  worked  by  means  of 
a  series  of  levels  driven  into  the  northern  side  of  the  hill  (Fig. 
3).  The  Tyndrum  "  hard  vein  "  is  in  the  quartzites  alongside 
of  the  fault,  and  trends  N.  35°  E.,  whUe  the  "  soft "  or  "  clay 
vein "  is  generally  in  the  fault  fissure  itself,  which  runs  N. 
40**  E.  This  difference  in  direction  makes  the  two  veins 
converge  to  a  point  at  the  top  of  the  hill  above  the  mines. 
The  resulting  conjoint  vein  following  the  line  of  fault  is 
known  as  the  "  Tyndrum  Main  Vein,"  and  runs  south-west- 
wards over  the  southern  slopes  of  the  Sron  nan  Colan,  across 
the  Allt  nan  Sae,  to  the  junction  of  the  Allt  eas  Anie  and 
the  Coninish  Water  at  Coninish,  whence  it  passes  out  of  the 
confines  of  the  map. 

Working  plans  of  the  mine  show  both  veins  to  hade  to 

east  (Fig.  2),  the  hard  vein  at  an  angle  of  65°  to  70°,  and 

the  clay  vein  at  80°.    This  difference  in  hade  must  bring 

both  veins  together  at  a  certain  depth  below  the  surface,  and 

the  junction  has  actually  been  reached  at  the  end  of  the 

"New  Level"  shown  in  Fig.  3.     From  this  point  the  line  of 

junction  rises  diagonally  upwards,  and,  as  we  have  abeady 

seen,  reaches  the  surface  on  the  southern  side  of  the  crest  of 

the  ridge.    All  the  richest  workings  were  in  the  hard  vein 

above  this  line,  and,  contrary  to  general  experience,  the  con- 
VOL.  vm.  N 
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joint  vein  was  found  to  contniu  veiy  little  ore  of  any  value. 
This  fact  is  of  importance  in  its  bearing  on  the  future  of  the 
mineral  workings  at  Tyudrum.  The  southern  slope  of  the 
mine  hiU  lies  below  the  line  of  junction,  and  carries  the  crop 
of  the  united  veins,  so  that  in  this  direction  a  decrease  in  the 
quality  of  the  ore  can  only  he  expected.  So  far  as  our 
ohservations  go,  this  is  the  case,  for  an  examination  of  the 
vein  where  it  crosses  the  Allt  nan  Sae  soon  showed  it  to  be 
very  poor  in  metalliferous  minerals,  and  indeed  to  be  hardly 
deserving  of  the  designation  "  metalliferous "  vein  at  all. 
Some  good  ore  has,  however,  been  found  in  a  costean  at  the 
place  where  the  vein  crosses  the  Coninish  Water  about 
three-quarters  of  a  mile  S.W.  of  the  Allt  nan  Sae  section. 

The  bard  vein  is  intersected  and  dislocated  by  two  cross 
courses  which  terminate  in  the  west  wall  of  the  clay  vein, 
while  the  united  vein  in  the  lower  workings  is  dislocated  by 
a  third  cross  course.  These  minor  cross  faults  have  produced 
no  important  deviation  in  the  trend  of  the  hard  vein  which 
runs  continuously  northwards  from  the  mine,  maintaining  its 
general  bearing  of  N".  35°  to  40°  E.,  aud  has  been  traced  to 
the  top  of  Beiun  a  Chaisteil,  4  miles  from  Tyndrum. 

h.  Mining  at  Coninish  has  been  carried  on  by  two  sets  of 
openings  at  different  parts  of  the  vein.  The  most  easterly 
of  the  workings  are  in  the  <leep  corrie  in  the  side  of  fieinn 
Chuim  above  Coninish.  The  vein,  which  is  here  several 
feet  thick,  runs  up  the  rugged  precipitous  side  of  the  corrie, 
where  some  of  the  old  atopes  can  be  seen  as  well  as  the 
mouths  of  the  levels  driven  into  the  hill  along  its  course. 
In  the  main  or  Beinn  Chuim  level  the  vein  consists  of  about 
1  foot  of  good  ore  with  white  quartz  on  each  side,  above 
which  the  hard  quartzite  forms  a  strong  hanging  walL  The 
levels  communicate  with  the  surface  by  a  shaft  driven  470 
feet  upwards  to  the  top  of  the  cliff.  The  mines  were  aban- 
doned about  thirty  years  ago,  and  during  that  period  so  much 
mud  and  peaty  matter  has  been  washed  down  through  the 
opening  that  the  main  level  is  nearly  impassable  a  short 
distance  inwards  from  its  mouth.  The  other  working  known 
as  the  Beinn  Lui  ^  Level  was  on  the  Allt  an  Lund,  1  mile 

'  ErToneonsly  spelt  Beinn  Lsoigh  on  the  Ordnance  Map. 
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S.W.  of  Eas  Anie.  Between  these  two  places  the  vein  is  in 
a  true  fissure  with  a  S.  45°  W.  course.  The  Coninish  vein 
may  possibly  be  a  south-western  prolongation  of  the  quartz 
reef  which,  towards  the  north,  is  quite  barren. 

3.  Distribution  of  Ores. — The  working  plans  and  reports 
relating  to  the  Tyndrum  mines  kept  in  the  Breadalbane 
Estate  OflSce  show  the  ore  in  the  hard  vein  to  be  distributed 
in  four  broad  parallel  bands,  which  run  diagonally  over  the 
plane  of  the  fissure  at  an  inclination  of  30°  to  40°.  The 
bands  are  shown  on  Fig.  3,  which  is  reduced  from  the  mining 
plans ;  between  the  shaded  portions  of  the  sections  the  ore 
does  not  altogether  disappear,  but  becomes  poor  and  unwork- 
able. 

4.  Composition  of  Veins  (1.)  Ores.— The  three  veins 
resemble  one  another  in  having  the  same  mineralogical  com- 
position. Argentiferous  galena  is  the  chief  ore,  while  zinc- 
blende  occurs  in  smaller  quantity  at  each  locality.  The 
blende  was  never  used,  but  was  thrown  aside  with  the 
"  deads,"  and  the  quantity  to  be  seen  in  the  rubbish  heaps  at 
the  mouths  of  the  various  levels  shows  it  to  have  constituted  a 
considerable  proportion  of  the  available  ore.  The  galena  is 
of  the  ordinary  type,  with  bright  metallic  lustre  and  perfect 
cubical  cleavage,  but  in  the  clay  vein  it  passes  into  the  com- 
pact or  cryptocrystalline  variety,  known  locally  as  "steel 
ore."  When  the  clay  vein  leaves  the  fault  and  runs  into  the 
schists  it  becomes  split  up  into  small  strings,  and  the  ore 
deteriorates  in  quality,  becoming  disseminated  through  the 
surrounding  rock. 

A  recent  assay  by  Beringer  of  Cornwall  of  a  sample  of  ore 
from  the  western  slope  of  Tyndrum  Hill  gave 

Lead,  287%. 

Silver,  1  oz.  6  dwt  per  ton. 

The  galena  from  the  Coninish  mine  has  a  much  higher 
percentage  of  silver,  and  is  generally  a  richer  ore.  The 
average  of  two  assays  by  Napier  of  Glasgow  in  1863  from 
the  Beinn  Lui  and  Beinn  Chuirn  levels  gave 

Lead,  68%. 

Silver,  8  oz.  6  dwt.  per  ton. 
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This  average  for  the  silver  is  probably  rather  high,  since 
Eeringet's  assay  of  a  sample  from  the  Beinn  Chuirn  level 
gave 

Lead,  68-5%. 

Silver,  3  oz.  12  dwt.  per  ton. 

Separate  assays  by  both  Beringer  and  Napier,  of  ore  from 
the  main  vein  where  it  croBses  the  Coninish  river,  show  it 
to  be  slightly  richer  there  than  at  Tyndrum.  The  results  are 
as  follows : 

„   .  _.  I  Lead,  587%. 

.    ,    (Lead,  58 ■25%. 
Napiflc  B  j  gjj^^^^  ^  ^^_  j(j  j^j_  pgj,  ^^^ 

A  few  other  metallic  minerals  are  known  to  occur  at  Tyn- 
drtim.  Copper  pyrites  occurs  only  in  very  small  q^uantitiea, 
as  detached  grains  and  crystals  disseminated  through  the 
veins,  Iron  pyrites  is  found  accompanying  the  ores,  but  not 
very  abundantly,  and  titanic  iron  is  stated  by  Thost  to  have 
been  seen  in  the  mines.  Half-way  along  M'Callum's  Level, 
black  and  red  argentiferous  cobalt  ore  (bloom  ?)  was  found 
in  the  hard  vein,  which  at  the  place  contained  4  inches  of 
good  ore.^  The  cobalt  ore  was  in  the  centre,  with  sharply 
defined  bands  of  galena  on  each  side.  This  rare  mineral 
only  existed  as  a  thin  leaf,  and  exploration  of  the  vein  above 
and  below  the  level  failed  to  show  its  farther  continuance. 
Ad  assay  of  the  black  cobalt  gave 

28%  cobalt. 

60  oz.  silver  per  ton. 

A  trace  of  red  cobalt  has  also  been  found  at  the  outcrop 
of  the  main  vein  on  Beinn  Odhar. 

As  secondary  or  decomposition  minerals,  we  have  to  note 
calamine  (ZnCOj),  which  occurs  as  a  white  amorphous  in- 
crustation on  the  sides  of  the  vein  in  the  old  workings  at 
Tyndrum.  Pyromorphite  and  malachite  are  also  found  as 
outcrop  minerals  at  the  place  where  the  vein  crosses  the  Eas 
Anie  bum. 

■  P.  Odernheimer,  Highl.  Soc  Truts.,  yoL  vii.,  1811. 
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(2.)  Vemstones. — The  gangue^  is  almost  entirely  white 
quartz^  bbth  in  the  Coninish  and  Tjmdrum  veins.  Calcite 
occurs  sparingly,  and  barytes  accompanies  the  ore,  but  only 
at  places  where  it  is  richest. 

In  the  clay  vein  the  ore  is  found  chiefly  in  a  black  in- 
durated fiault  breccia  made  up  of  schist  and  quartzite  frag- 
ments cemented  together  in  a  matrix  of  crystallised  quartz. 

The  thickness  of  the  ore  was  very  variable.  When  only 
4  inches  thick  it  could  be  worked  to  a  profit,  and  where 
richest  in  the  Stamp,  Bryan,  and  Long  Levels,  it  had  an 
average  breadth  of  from  10  to  20  inches.  The  hard  vein  had 
sometimes  a  thickness  of  over  4  feet,  and  was  richest  where 
it  had  a  regidarly  defined  hanging  wall,  i.e.,  where  it  was  a 
true  fissure  vein,  and  this,  as  we  have  seen,  was  only  the 
case  above  the  line  of  junction  with  the  clay  vein.  The 
hardness  and  toughness  of  the  surrounding  quartzites  added 
greatly  to  the  cost  of  mining  it. 

5.  Mining  History. — The  vein  at  Tyndrum  was  accidently 
discovered  in  1741,  during  the  lease  of  the  Breadalbane 
minerals  to  Sir  Eobert  Clifton,  who,  between  that  year  and 
1745,  raised  1697  tons  of  lead  ore.  He  was  succeeded  by 
the  Mine  Adventurers  of  England,  who  worked  the  mine  for 
the  next  15  years,  producing,  between  1745  and  1760,  2046 
tons  of  ore.  From  1760  till  1762  the  Eipon  Company  mined 
330  tons,  and  from  1762  till  1768,  942  tons  were  raised  by 
Messrs  Eichardson  &  Faton. 

Li  1768  the  lease  fell  into  the  hands  of  the  Scots  Mining 
Company,  and  during  their  tenure  the  mine  was  more 
vigorously  worked.  The  existing  levels  were  driven  further 
into  the  hill,  and  the  ground  in  the  vicinity  of  the  Inveroran 
Boad  was  explored  by  means  of  two  close  mines,  but  the 
results  did  not  justify  further  expenditure  of  capital  Up  to 
this  time  the  ore  had  been  carried  by  way  of  Loch  Lomond 
to  Glasgow  for  shipment  to  the  south,  but  the  Scots  Mining 

^  This  Cornish  word  is  derived  from  the  German  OaTig,  a  term  applied 
technically  to  veins  and  intrusive  dykes,  but  originally  meaning  a  course  or 
going,  and  survives  in  the  Scottish,  gang,  to  go,  and  in  the  English,  gaTigw&j. 
It  should  be  purged  of  the  superfluous  and  silent  v>e,  and  spelt  in  its  original 
simple  form,  gang. 
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Company  erected  smelting  ■works  about  a  mile  east  of  tLe 
mine,  and  produced,  between  1768  and  1790,  1678  tons  of 
lead  from  3685  tons  of  ore,  which  thus  gave  a  yield  of  45 
per  cent. 

After  the  time  of  this  Company  mining  waa  carried  on 
intermittently  till  1858,  when  the  mine  waa  taken  in  hand 
by  the  late  Marquia  of  Breadalbane  and  carried  on  till  hia 
death  in  1862,  when  all  mining  operations  on  the  estate  were 
discontinued  by  the  trustees. 

The  first  companies  worked  the  higheat  portion  of  the  vein 
where  it  waa  found  to  bo  richest,  taking  out  the  best  and 
leaving  the  poorer  ore,  or  using  it  as  packing.  As  no  rolls 
for  crushing  the  ore  were  used  till  the  time  of  the  Scots 
Mining  Company,  a  considerable  quantity  of  good  stuff  was 
lost  hy  the  previous  lessees. 

The  mines  have  all  beea  worked  by  levels  aa  shown  on 
the  small  section.  Fig.  3.  These  were  generally  4  feet  wide 
and  6  feet  high,  and  several  of  them  are  atill  open,  but  a 
good  many  are  choked  up  at  the  mouth  by  the  falling  in 
of  rubbish  from  above.  The  ore  waa  removed  by  the  naual 
method  of  overhand  stoping,  but  occasionally  underhand 
stoping  waa  alao  resorted  to.  The  tough  quartzite  formed  a 
strong  hanging  wall,  and  in  many  caaea  large  parts  of  the 
vein  were  removed  and  no  auppoit  left  for  the  roof,  so  that 
a  black  gaping  chasm  is  now  to  be  seen  inside  the  hill  be- 
tween the  different  levels. 

In  the  main  workings,  the  lowest  Water  or  MacDougall 
Level  was  laid  with  hutch  rails  the  whole  distance  in  to  the 
face.  The  ore  was  thrown  down  shoota  from  the  upper  work- 
ings to  this  level,  where  it  waa  run  out  to  the  mouth  and  let 
down  to  the  bottom  of  the  hill  by  a  self-acting  inclined  plane, 
whence  it  was  conveyed  along  a  tramway  to  the  stamps  and 
amelting  works  about  a  mile  distant 

6.  Semarka. — The  Tyndrum  veins  are  all  typical  examples 
of  what  von  Groddeck,  in  Ms  valuable  work  on  Ore  Deposits,^ 
has  named  the  "  Clauathal  Type,"  from  the  mining  town 
of  Clausthal  on  the  Upper  Harz  in  Prussia.     The  veins  be- 

■  Die  IjehTe  von  den  Lagerstatten  der  Erze  (Leipzig,  1876},  g  111. 
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longing  to  this  type  are  of  various  ages,  and  are  always  in 
stratified  rocks.  The  ores  they  contain  are  principally 
argentiferous  galena,  zincblende,  copper  and  iron  pyrites,  with 
quartz,  calcspar,  and  spathic  iron  in  aU  proportions,  while 
barytes  and  other  minerals  only  occur  in  subordinate 
quantities.  The  Clausthal  Veins  ^  are  all  in  large  faults 
traversing  the  Culm  greywackes  and  shales,  and  the  ore  is 
often  distributed  in  diagonal  bands  (Erzlalle),  like  those 
developed  on  a  small  scale  at  Tyndrum  (Fig.  3). 

The  cloud  of  mystery  with  which  many  questions  relating 
to  the  origin  of  metalliferous  veins  are  involved,  is  both  thick 
and  heavy  to  lift,  and  although  miners  and  engineers  have 
been  at  work  for  the  last  two  thousand  years,  and  have 
honeycombed  the  earth's  crust  in  search  of  the  precious 
metals,  sometimes  to  depths  exceeding  3000  feet,  all  their 
explorations  have  given  us  comparatively  little  help  in  this 
department  of  geological  research.  One  point,  however, 
appears,  in  some  cases,  at  least,  to  have  been  clearly  estab- 
lished, and  it  is  this,  that  ceteris  paribits,  most  metalliferous 
matter  will  be  deposited  at  those  parts  of  the  vein  where  the 
water  which  holds  them  in  solution,  has  greatest  facility 
for  circulation.  In  many  of  the  lead  veins  of  Alston  Moor 
on  the  Tyne,  this  law  has  been  ascertained  by  W.  Wallace, 
who  has  written  a  treatise  on  the  subject,^  and  given  many 
good  illustrative  drawings  and  sections  of  the  fissures  and 
veins  in  that  locality.  At  Tyndrum  the  law  holds  good,  and 
the  reason  why  the  vein  in  the  quartzites  is  richest  is  pro- 
bably because  it  is  a  true  fissure  vein  in  which  the  water 
could  freely  circulate,  whereas  the  main  vein  along  the  line 
of  fault  has  been  choked  up  with  brecciated  fragments  of 
the  soft  argillaceous  schist,  which  have  effectually  obstructed 
the  passage  of  the  metallic  solutions. 

Whether  the  metalliferous  matter  has  come  up  from  below 
or  down  from  above,  or  whether  it  has  been  infiltrated 
laterally,  is  an  open  question,  as  no  analyses  of  the  adjacent 

^  Described  by  one  of  the  authors  at  page  240  of  this  volume. 

"  "The  Laws  which  regulate  the  Deposition  of  Lead  Ore  in  Veins,  illus- 
trated by  an  examination  of  the  geological  structure  of  the  mining  districts  of 
Alston  Moor."    London,  1861. 
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rock  have  beon  made,  nor  does  evidence  exist  iu  favour 
either  of  the  first  or  of  the  second  of  these  propoaitiona.  It 
is  certain  that  the  veins  were  formed  after  the  metamorpbism 
of  the  original  sandstones  and  ai^llaceoaa  shales  into 
quartzites  and  schists.  These  rocks  were  metamorphosed 
before  the  Old  Red  Sandstone  period,  as  breccias  containing 
fragments  of  schist  are  found  at  places  where  the  basement 
conglomerate  of  the  Lower  Old  Red  rests  in  violent  unoon- 
formahility  on  the  upturned  edges  of  the  metamorpbic  series. 
The  great  faults  which  traverse  the  Highland  area  are  very- 
old  ;  some  of  them  are  later  than  the  Carboniferous  period, 
but  most,  if  not  all,  are  Pre-Miocene,  as  the  great  basalt 
dykes  wiiich  emanate  from  the  Miocene  volcanic  plateau  of 
the  Hebrides  run  across  them,  or  sometimes  become  deflected 
and  follow  their  course  for  short  distances,  showing  the  fault 
fissures  to  have  been  in  existence  at  the  time  of  the  irruption 
of  the  basalt.  One  of  these  dykes  crosses  the  vein  at  the  top 
of  the  Sron  nan  Colan  (see  Map).  There  are  abundant  proofs 
that  an  enormous  thickness  of  rock  has  been  denuded  from 
the  Highland  area  since  Miocene  times.  Some  of  the  dykes 
cross  the  country  from  shore  to  shore,  passing  through  the 
tops  of  mountains  over  2000  feet  in  height,  and  situated  at 
no  great  distance  from  the  sea  coast.  This  shows  that  the 
vaUeys  themselves  have  been  produced  by  denudation  since 
the  time  of  the  irruption  of  the  basalt,  and  that  in  all  pro- 
bability a  considerable  thickness  of  rock  has  also  been  re- 
moved from  the  tops  of  even  the  highest  hills.  If,  then,  there 
has  been  such  a  vast  denudation,  the  metalliferous  veins 
now  laid  bare  must  have  been  formed  at  great  depths 
below  the  surface,  where  heat  and  slow  chemical  pro- 
cesses could  go  on  quietly,  producing  the  results  we  wit- 
ness to-day.  It  is  thus  obvious  that  the  parts  of  the  original 
veins  now  exposed,  whether  produced  by  infiltration  from 
above,  below,  or  the  sides,  have  been  formed  at  depths  so 
great  that  it  is  a  matter  of  indifference  from  which  quarter 
the  solutions  came.  The  gaping  fissures  must  have  been 
quite  full  of  liquid,  as  water  ia  beUeved  to  occur  in  all  deep- 
seated  r^ions,  no  matter  how  high  the  temperature;  and 
wherever  the  water  had  free  room  to  circulate,  there  it  has 
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deposited  the  most  metalliferons  minerals.  What  the 
chemical  process  was,  is  a  much  more  difficult  question,  and 
how  it  has  come  about  that  there  is  at  some  places  a  mineral 
vein,  and  at  others  nothing  but  a  barren  quartz  reef,  is  a 
problem  to  which  the  data  at  Tyndrum  are  insufficient  to 
afford  a  solution. 

IT. — CORBYCILARMAIG. 

At  this  locality,  three  miles  from  the  foot  of  Glen  Lochay, 
which  joins  the  valley  of  the  Dochart  at  Killin,  chrome  iron 
ore  was  mined  on  a  limited  scale  by  the  late  Marquis  of 
Breadalbane. 

The  workings  consist  of  one  small  drift,  now  standing  full 
of  water,  and  several  small  open  pits  above.     The  ore  is 
found  on  the  south  side  of  the  glen  in  a  mass  of  serpentine 
about  half  a  mile  in  extent  from  east  to  west  and  three 
hundred  .yards  in  breadth.     At  the  top  of  the  hill  the  rock 
is  tough  and  green,  but  is  soft  and  white  in  the  drift  below. 
The  mass  of  serpentine  has  an  apparently  bedded  structure, 
with  a  W.  20**  S.  dip,  at  an  average  angle  of  30°.    As  the 
dip  of  the  mica  schists  on  the  hill  above  and  below  varies 
from  S.  to  S.  20®  W.,  the  serpentine  may  possibly  be  inter- 
calated between  their  bedding  planes.    The  surrounding  mica 
schists  are  generally  garnetiferous,  and  in  some  cases  con- 
tarn  small  bands  of  serpentine.    The  chrome  iron  ore  appears 
to  be  disseminated  through  the  serpentine  in  detached  grains 
or  aggregates,  and  no  vein  is  to  be  seen.   It  occurs  in  masses, 
sometimes  angular,  but  more  often  reniform  or  lenticular  in 
shape,  and  varying  in  size  from  that  of  a  pea  to  blocks  5, 10, 
and,  in  one  instance,  as  much  as  30  tons  in  weight.     Small 
cavities  lined  with  minute  octahedral  crystals  of  the  ore  are 
not  uncommon.     The  minerals  associated  with  it  are  actino- 
lite,  steatite,  crysotile,   and  magnetic  and  copper  pyrites. 
From  the  trial  workings  made  over  this  field,  about  60  tons 
of  ore  were  raised  and  sold  in  1855-56,  but  the  ground  is 
still  practically  unproved.    The  following  analysis  was  made 
by  W.  Valentine  in  1862  : 

Sesquioxide  of  Chromium,  86*86  per  cent.  =  Chromic  Acid,  48*3  per  cent. 
Protoxide  of  Iron,        .      20*27  per  cent. 
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The  ore  fused  with  the  greatest  facility,  and  100  lbs,  -would 
be  capable  of  fumiahing  about  70  Iba.  of  bichromate  of  potash. 
AVe  have  just  received  analysis  of  three  specimens  of  the 
ore  made  iu  the  Laboratory  of  the  Cleveland  Steel  Works, 
1884,  which  "ave : 


Seaqaioxide  of  Chrominm, 
Protoxide  of  Iran, 
Protoiiile  of  Manganese, 
Silica, 
Sulphur,     . 
Phosplioric  Acid, 


Trace        Trace 


1 1 1.— ^TOMNADASHAN. 
1-  Topography, — The  small  hamlets  of  Tonmadashan  and 
Easter  Tullich  are  situated  on  the  sloping  hillside,  which 
rises  somewhat  steeply  from  the  southern  shore  of  Loch  Tay, 
about  2  miles  noith-eastward  from  the  Tillage  of  Atdeonaig, 
and  7J  miles  S.W,  from  Kenmore, 

Copper  ore  was  discovered  here  by  the  late  Marquis  of 
Breadalbane,  who,  after  mining  and  dressing  it,  had  it 
smelted  iu  works  erected  on  the  shore  of  the  loch. 

2.  Geology. — The  neighbouring  country  is  almost  entirely 
composed  of  nearly  flat  hydromica  schists,  with  zones  of 
limestone,  hornblende  rock,  and  grit,  and  is  traversed  by 
numerous  dykes  of  basalt,  porphyrite,  and  felsite,  which 
serve  to  enliven  the  otherwise  rather  monotonous  geological 
picture  of  the  region, 

At  Tonmadashan  the  schists  are  pierced  by  a  boss  of 
crystalline  rock,  which  has  produced  a  certain  amount  of 
contact  metamorphism  around  its  edges.  The  metamorphic 
strata  are  baked  and  crumpled,  and  occasionally  penetrated 
by  offshoots  or  "apophyses"  from  the  intrusive  mass,  in 
which  ft^ments  of  the  schist  are  sometimes  completely 
enveloped. 

The  rock  resembles  ordinary  grey  dolerite  externally,  but 
microscopic  examination  shows  that  it  is  quite  different  from 
the  true  dolerites  found  in  the  long  Tertiary  dykes  of  the 
vicinity.    It  is  granular  throughout,  quite  free  from  green 
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decomposition  products,  and  contains  much  brown  biotite 
interspersed  through  the  matted  mass  of  beautifully  striated 
plagioclase  crystals,  which,  with  some  augite,  magnetite,  and 
occasional  crystals  of  pyrites,  make  up  the  main  portion  of 
the  rock.  It  may  be  provisionally  named  Kersantite  or 
Micadiorite,  till  a  more  extended  investigation  shall  disclose 
its  true  relationship. 

It  extends  upwards  from  the  shore  of  Loch  Tay  at  350  feet 
to  the  900-feet  contour,  and  has  in  turn  been  pierced  by  a 
rock  of  totally  different  character,  veins  of  which  ramify  in 
countless  multitudes  through  the  older  mass.  The  later  rock 
is  of  pink  colour,  and  the  thinnest  threads  can  be  easily 
detected  in  the  sombre  Kersantite  with  which  it  is  sharply  con- 
trasted. It  is  well  seen  on  the  beach  a  short  distance  west- 
wards from  the  old  smelting  works,  where  it  is  exposed  in 
mass,  while  further  inland  it  is  only  represented  by  dykes 
and  strings  appearing  at  places  where  the  rock  surface  has 
been  laid  bare.  So  far  as  we  have  observed,  it  never  passes 
out  of  the  Kersantite  into  the  surrounding  schists,  as  Thost 
asserts  in  his  paper  on  the  Breadalbane  Mines.  He  states 
that  the  "  porphyry  "  extends  some  three  miles  southwards 
of  Tomnadashan,  but  has  apparently  confounded  this  rock 
with  quartz-porphyry,  dykes  of  which  occur  at  places  in  the 
neighbourhood,  but  have  no  connection  with  the  rock  in 
question.  It  is  a  granitoid  rock  largely  composed  of  pink 
orthoclase,  with  quartz,  greenish  brown  mica,  and  some  plagio- 
clase interspersed  through  it.  The  character  of  the  mica  and 
the  presence  of  plagioclase  leads  us  to  class  it  imder  the 
variety  of  granite  known  as  "  granitite,"  but  sometimes  the 
orthoclase  crystals  are  very  ^large,  when  it  passes  into  a 
species  of  granitic  porphyry.  Both  rocks  are  probably  very 
ancient,  but  have  been  injected  into  the  schists  at  a  period 
subsequent  to  the  time  of  their  metamorphism. 

3.  Distribution  of  Ores. — Small  quantities  of  pyrites  are 
disseminated  throughout  the  basic  rock,  but  the  ore  appears 
to  be  developed  chiefly  at  places  near  the  junction  of  the 
two  rocks,  or,  in  other  words,  the  injection  of  the  acid  rock 
into  the  basic  seems  in  some  way  to  have  influenced  the 
original  distribution  of  the  metallic  minerals.    The  ore  is 
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not  concentrated  in  any  particular  vein  or  pocket  aa  was 
suppo9ed  when  the  mine  was  being  worked,  but  ia  dissemi- 
nated throughout  certain  parts  of  the  rock  in  irregiUar  grains, 
strings,  aud  bunches,  from  the  size  of  a  pin's  head  up  to  that 
of  a  mass  two  or  three  feet  in  diameter.  The  fault  fissures 
which  we  iiave  observed  to  traverse  the  rock  are  either  open 
or  are  occupied  fay  soft  fault  breccia,  and  have  never  been 
filled  by  any  infiltration  of  mineral  matter  from  the  adjacent 
rock.  Thost  states,  however  {loc.  cit.,  123),  that  in  soma 
cases  they  have  served  as  receptacles  for  the  more  valuable 
minerals. 

4-  Ores,  etc.— Copper  pyrites  (chalcopyrite)  and  grey 
copper  (kupferfablerz)  are  the  ores  found  in  greatest  quantity 
at  Tomnadashan.  Iron  pyrites  accompanies  them  as  usual, 
beiug  generally  disseminated  in  cubes  with  alternately  striated 
sides  and  small  pyritohedra,  while  thin  plates  and  scales  of 
molybden  glance  are  found  in  quartz  veinlets  traversing  the 
granitic  rock,  hut  so  far  as  we  know  this  mineral  does  not 
occur  in  the  basic  rock  at  all.  Silver  ore  is  also  stated  to 
have  been  found  at  Tomnadashan.  The  copper  ore  is  prin- 
cipally in  the  granitite  whicli,  when  associated  with  any 
considerable  quantity  of  metalliferoua  mineral,  is  always 
more  or  less  decomposed — a  circumstance  often  observed  in 
such  deposits. 

Gralena  and  zincblende,  so  often  found  along  with  these 
ores,  are  quite  foreign  to  this  locality. 

Quartz,  calcspar,  and  spathic  iron  are  the  chief  accompany- 
ir^  minerals,  but  barytas  is  also  present  in  small  quantities. 
The  sides  of  the  old  workings  are  coated  with  green  malachite 
and  white  stalactitic  encrustations,  one  of  which  is  crystallised 
calcspar,  and  the  other  an  amorphous  silicate. 

5.  Mining  Histoiy. — The  ore  was  mined  for  nearly  twenty 
years  before  the  death  of  the  late  Marquis,  but  no  separate 
returns  of  the  output  have  been  kept 

A  level  was  driven  into  the  face  of  the  hill  above  the 
old  smelting  works  to  catch  the  supposed  vein,  but  the  ore, 
as  already  indicated,  is  disseminated  throughout  the  rock,  and 
the  vein,  having  consequently  no  existence,  was  never  reached. 
Several  vaulted  cavities  and  small  shafts  sunk  to  the  drift 
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below  show  the  exfent  of  the  workings,  which  were  never 
carried  on  very  extensively  as  the  mine  was  hardly  ever 
able  to  pay  its  own  expenses.  The  ore,  when  stamped  and 
dressed,  contained  very  little  copper,  one  analysis  by  Professor 
Andrew,  Glasgow,  giving  3*58  per  cent,  copper  and  30'28  per 
cent,  sulphur,  and  the  great  cost  of  transporting  the  metal 
when  smelted  to  the  Glasgow  market  further  reduced  or  totally 
swallowed  up  any  small  profits  which  might  have  been  made 
had  the  present  Oban  and  Callander  Eailway  been  in  existence. 

5.  Remarks  on  n.  and  IIL — The  Ore  deposit  of  Tomna- 
dashan  is  essentially  different  from  that  of  Tyndrum,  but 
belongs  to  a  type  nearly  related  to  that  which  includes  the 
chrome  ironstone  of  Corrychaxmaig.  In  the  former  case  the 
ore  is  in  a  vein  in  stratified  rocks  through  which  water  could 
freely  circulate,  but  in  the  latter  it  is  disseminated  throughout 
a  rock  which  is  not  stratified,  but  crystalline  or  massive  in 
character  and  igneous  in  origin. 

The  ore  deposit  of  Corrycharmaig  belongs  to  von 
Groddeck's  type  "Wooded  Peak,"  named  from  a  mountain  in 
New  Zealand,  which  forms  part  of  a  great  tract  of  serpentine 
80  miles  long  and  1  or  2  miles  broad,  and  consists  largely  of 
this  ore.  The  serpentine  and  chrome  ironstone  are  both  of 
the  same  age.  The  original  olivine,  augite,  or  enstatite  rock, 
consisting  largely  of  a  magnesian  silicate,  contained  also  iron 
and  chrome  mineral  ingredients,  and  in  the  process  of 
serpentinising,  the  magnesian  silicates  became  hydrated,  and 
the  other  minerals  underwent  a  different  change.  The 
original  iron  in  the  rock  became  separated  out  as  magnetite, 
while  the  chrome-minerals,  picotite,  chromediopside,  etc., 
were  decomposed,  and  the  chromium  combined  with  the  iron 
to  form  chrome  iron  ore,  which  is  isomorphous  with  magnetite. 
It  is  thus  useless  to  expect  to  find  a  true  vein  at  Corrychar- 
maig, as  the  chrome  ironstone  does  not  occur  in  veins,  but  is 
disseminated  throughout  the  serpentine  in  more  or  less  con- 
centrated aggregates,  and  mining  in  such  a  deposit  must  be 
always  more  or  less  precarious  in  character. 

The  same  ^remarks  are  generally  applicable  to  the  copper 
deposit  of  Tomnadashan.  It  belongs  apparently,  most  nearly, 
to  a  related  species  named  by  our  authority  "  Type  Med- 
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nomdjaiLBk,"  and  which  is  defined  as  consisting  of  "  inclusions 
of  pyrites — iron,  magnetic,  and  copper  pyrites,  embescite,  etc., 
more  rarely  other  sulphides  as  galena,  blende,  fahlerz,  etc. — 
in  massive  rocks  usually  in  diorite,  gabbro,  and  olivine 
rock  (serpentine)."  This  detinition  does  not  fit  exactly  as 
the  description  we  have  given  shows,  for  (1)  the  rock  in 
which  moat  of  the  ore  occure  is  not  a  diorite,  gabbro,  or  olivine 
rock,  and  (2)  althoiigh  pyrites  is  most  abundant,  a  large 
quantity  of  fahlerz  or  grey  copper  is  also  present,  but 
magnetic  iron  or  erubescite  are  not  known  to  occur.  The 
ore,  as  lias  been  remarked,  occurs  at  places  where  the  granitic 
rock  is  decomposed,  and  at  or  near  the  contact  with  the  basic 
rock.  The  metallic  elements  have  probably  been  originally 
brought  in  by  the  later  eruptive  rock,  as  Thost  remarks,  and 
the  ore,  like  the  chrome  iron  in  the  serpentine,  has  been  pro- 
duced as  a  decomposition  product,  and  along  with  it  calcite, 
quartz,  spathic  iron,  and  a  little  barytes,  all  of  which  could 
have  been  derived  from  the  minerals  in  the  surrounding 
rock.  The  dark  rock  is  not  generally  so  much  decomposed 
as  the  red,  and  at  many  places  appears  quite  fresh,  but  the 
latter  is  very  rarely  to  be  seen  without  some  traces  of  decom- 
position {vide  V.  Groddeck,  §§  80,  81). 

IV. — COREIE  BDI. 

Ai^entiferous  galena  veins  have  been  worked  at  Corrie  Bui 
on  the  top  of  Meal  oa  Creige,  a  hill  2683  feet  in  height,  sitaated 
about  2J  miles  S.E.  of  Ardeonaig,  and  2J  miles  S.S.K  of 
Tomnadashan.  The  hill  is  capped  by  a  zone  of  calcareons 
schists,  through  which  the  veins  rua  in  two  directions.  One 
system  contains  3  veins  which  run  K  and  W.,  and  are  nearly 
barren,  but  all  the  metalliferous  veins  have  a  N.  and  S.  trend, 
and  a  steep  easterly  hade.  Thost  states  that  18  such  veins 
were  crossed  in  a  distance  of  200  yards,  and  he  had  no  doubt 
that  others  remained  undiscovered  below  the  turf. 

The  veins  are  of  quartz  varying  in  thickness  from  4  inches 
to  3  feet.  Spathic  ironstone  is  also  abundant,  and  decomposes 
into  brown  gossan  by  which  the  outcropcan  easily  be  recognised. 

Copper  and  iron  pyrites  and  zincblende  are  rare,  and  the 
galena  is  thus  comparatively  pure.    It  is  very  valuable,  as  it 
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contains  from  85  to  600  oz.  of  silver  per  ton  of  ore.  Two 
small  lumps  of  native  gold  were  found  in  the  quartz  as  it 
was  being  crushed  under  the  hammer. 

The  veins  unfortunately  become  barren  as  they  pass  down 
into  the  schists  below  the  calcareous  zone,  and  at  a  depth  of  100 
feet  below  the  surface  they  were  found  to  consist  of  white 
quartz  alone,  thus  rendering  all  further  working  unproductive. 

V. — Ardtalnaig. 

Small  veins  of  galena  and  blende  have  been  exposed  by 
costeaning  on  the  side  of  the  hill  E.  of  Ardtalnaig, — a  village 
on  the  south  side  of  Loch  Tay,  about  a  mile  N.E.  of  Tomna- 
dashan,  but  they  are  far  too  thin  to  give  any  hope  of  future 
productiveness.  The  principal  vein  has  been  opened  out  at 
a  spot  on  the  hUlside  about  900  feet  high,  and  due  E.  of 
Ardtalnaig  where  the  schists  are  traversed  by  a  sheet  of 
intrusive  felsite  of  pale  cream  colour  and  perfectly  compact 
texture.  The  vein  runs  through  the  felsite,  into  the  mica 
schist,  and  then  passes  again  into  the  intrusive  rock.  It  is 
interesting  to  note  that  where  it  is  in  the  schist,  galena  and 
blende  are  both  present,  in  a  matrix  of  barytes  and  quartz, 
while  the  portions  of  the  vein  traversing  the  felsite  contain 
galena  and  quartz  but  no  blende. 

Many  other  small  threads  and  strings  of  ore  intersect  the 
schists  around  Kenmore  and  along  the  shores  of  Loch  Tay, 
but  none  have  been  discovered  with  any  approach  to  work- 
able thickness. 
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I.  INTEODUCTION. 

The  fame  of  the  ancient  metal  minea,  the  many  difficult 
problems  connected  with  the  geological  structure  of  the 
range,  and  the  fascinating  beauty  of  the  romantic  valleys  and 
vast  bUlowy  expanses  of  sombre  pine  and  bosky  beech — all 
have  invested  the  Harz  Mountains  with  the  deepest  interest, 
and  made  them  a  centre  of  attraction  to  travellers  from 
many  lands. 

Few  countries  can  boast  of  such  a  ma^^ficent  natural 
"  Museum  of  Practical  Geology  "  as  our  kinsmen  of  Deutsch- 
land  possess  in  their  "  Harzgebirge,"  and  the  descriptive 
catalogues  of  its  contents  have,  under  their  exhaustive 
methods  of  research,  continued  to  expand  and  develop  since 
von  Terebra,  in  1785,  gave  to  the  world  his  "  Erfahrungen 
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vom  Innem  der  Gebirge/*  in  which  the  rocks  of  the  Harz 
were  for  the  first  time  described. 

Among  the  great  names  associated  with  the  explorations 
of  the  Harz  in  the  past,  may  be  mentioned  those  of  Lasius, 
Ereiesleben,  Hausmann,  Fr.  Hoffmann,  von  Buch,  Ch.  Zim- 
mermann,  and  F.  A.  Boemer,  to  which  must  be  added  those 
of  OUT  own  countrymen,  Murchison  and  Sedgwick;  while 
the  present  generation  is  represented  by  such  well-known 
"  Forscher "  as  Lessen,  Beyrich,  von  Groddeck,  and  Kayser, 
who  find  in  the  rocks  of  the  Harz  an  ever  fruitful  field  for 
original  investigation  and  discovery. 

About  two  years  ago  Professor  K.  A.  Lessen  of  Berlin  pub- 
lished a  very  beautiful  and  minutely  detailed  geognostic  map 
of  the  Harz  and  surrounding  country  on  a  scale  of  1 :  100,000, 
on  which  no  less  than  ninety  different  kinds  of  rock,  etc., 
are  indicated  by  various  colours  and  signs;  and  last  year 
(1883)  my  esteemed  teacher,  Dr  Alb.  von  Groddeck,  Director 
of  the  Boyal  Mining  Academy  at  Clausthal,  issued  the  second 
edition  of  his  little  volume,  "Abriss  der  Geognosie  des 
Harzes,"  which  is  intended  to  accompany  the  map  as  an 
explanation,  since  no  large  descriptive  memoir  on  the  geology 
of  the  Harz  has  yet  appeared. 

With  the  exception  of  the  valuable  pioneering  papers  by 
Murchison/  and  sundry  casual  notices  in  text-books  and 
periodical  journals,  nothing  appears  to  have  been  written  in 
English  on  the  Geology  of  the  Harz  Mountains ;  and  it  is 
now  my  wish  to  fill  up,  however  imperfectly,  this  blank  in 
our  scientific  literature  by  seeking  to  give  an  outline  of  the 
geological  structure  and  history  of  that  delightful  region. 

During  my  residence  in  the  Harz,  while  studying  for  two 
sessions  at  the  Boyal  Mining  Academy  at  Clausthal,  I  had 
numerous  opportunities  of  examining  the  geological  structure 
of  the  range.  Both  in  the  lecture-room  and  in  the  weekly 
excursions  to  the  metal  mines  or  to  field  sections,  I  enjoyed 
the  pleasure  of  listening  to  Dr  von  Groddeck's  valuable 
exposition  of  the  Geology  of  the  Harz.  But  in  addition 
to  these  excursions,  I  made  a  series  of  independent  traverses 

^  See  Appendix. 
VOL.  vin.  0 
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serosa  the  chain,  the  results  of  which  may  help  to  throw 
light  on  its  geological  history. 

II.  TOPOGKAPHY  OP  THE  HAKZ. 

The  Harz  ^  ia  the  highest  mountain  range  in  North  Ger- 
many. It  is  situated  between  the  Weser  and  the  Elbe,  about 
125  milea  south  of  Hamburg,  and  extends  from  N.  lat- 
51°  30J'  to  51°  57J'.  It  rudely  resembles  the  segment 
of  a  circle,  whose  chord  extends  for  a  distance  of  about 
66  miles  in  an  E.S.  and  W.N.W,  direction,  thua  follow- 
ing the  general  trend  of  the  adjacent  ranges.  This  peculiar 
configuration  ia  entirely  due  to  the  geological  structure  of 
the  ground,  aa  a  glance  at  the  accompanying  sketch-map  will 
show.  The  maximum  breadth  of  the  Harz  is  about  20 
miles  (Britiah),^  and  the  area  786  square  milea,  of  which  457 
belong  to  Pnissia,  286  to  Brunswick,  and  43  to  Anhalt.^ 

Like  the  Alps,  Pyrenees,  and  Himalayas,  the  Harz  ia,  as 
we  shall  afterwarda  see,  a  mountain  system  of  elevation,  and 
not  a  tableland  of  denudation  like  Norway  or  our  own 
Highlands.  It  consists  of  a  central  mass — the  Erocken, 
3746  feet  (1142  m.)^  high — with  several  surrounding  heights 
of  lesser  magnitude,  which  in  the  western  division,  drained 
by  the  Weser,  form  the  plateau  of  the  Upper  Harz  (2100 
feet) ;  and  in  the  eastern,  drained  by  tributaries  of  the  Elbe, 
the  featureless  uplanda  of  the  Lower  Harz,  whose  average 
height  is  about  1600  feet.  Along  the  northern  boundary  Une, 
which  has  been  compared  to  the  chord  of  the  arc,  the 
mountains  rise  abruptly  from  the  rolling  plain  of  Secondary 
and  Tertiary  formations,  which,  at  the  foot  of  the  Harz,  has 
a  height  of  700  or  800  feet  The  southern  and  western 
boundaries  are  also  well  marked,  but  the  eastern  part  of  the 
Lower  Harz,  in  the  neighbourhood  of  Mansfeld,  slopes  away, 
and  almost  imperceptibly  loses  itself  in  the  adjacent 
country. 

The  principal  towns  on  the  Upper  Harz  are  Clausthal  and 

'  Spelt  also  Hartz  (from  Hitrt^forest  land),  Sylea  kereynia  of  tlie  Romans. 
■I   kilometer  =  0-62  British   statute  miles;   I   Britlsb  aile=^l'61   kiloj 
I  mater  =  3 -2809  ft. 
•  Encyc.  Brit.,  9th  edit. 
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Zellerfeld,  Grand,  Wfldemann,  Lautenthal,  Altenan,  and  St 
Andieasbeig;  and  on  the  Lower  Harz,  Elbingerode,  Ben- 
neckenstein,  Ilfeld,  Hasselfelde,  Stolberg,  and  Harzgeroda 

The  Kyffhauser  is  an  isolated  hill  situated  a  few  miles 
fiom  the  southern  edge  of  the  Hurz,  close  to  the  village  of 
Kelbra^  which,  but  for  its  geological  interest,  would  not  have 
been  alluded  to  here. 


IIL  GEOGNOSY  OF  THE  HAEZ. 

1.  AfiCHiEAN   EOCKS  OF  THE  KyTFHAUSEB. 

The  red  Permian  sandstones  and  conglomerates  of  the 
KyfiThauser  rest  on  a  basement  of  gneiss,  a  small  patch 
of  which  is  seen  peeping  out  along  the  N.  side  of  the  range 
to  the  S.E.  of  Kelbra.  The  gneiss  is  highly  crystalline 
and  sometimes  granitic,  and  strikes  in  an  approximately  E. 
and  W.  direction.  It  is  associated  with  a  beautiful  highly 
homblendic  diorite  and  a  variety  of  very  homblendic  syenite, 
containing  much  sphene.  The  numerous  granite  veins  by 
which  it  is  intersected  are  probably  connected  with  a  main 
mass  beneath,  part  of  which  is  exposed  on  the  face  of  the  hill 
immediately  below  the  Kyffhauser  tower.  The  geological 
structure  of  this  eminence  is  shown  on  section  No.  2.  The  age 
of  the  gneiss  cannot  be  definitely  fixed,  as  the  requisite  data 
are  awanting,  but  in  petrographical  character  it  most  nearly 
resembles  the  Archaean  gneiss  of  other  countries,  and  is 
meanwhile  relegated  to  that  formation. 

2.  *"  Kerngebirge,"  or  older  Palaeozoic  Core  of  the  Harz. 

a.  HercyniaiL 

The  oldest  rocks  of  the  Harz  were  formerly  classified  at 
Upper  Silurian,  as  they  contain  graptolites  and  other  Silurian 
forms.  More  recent  researches,  however,  have  led  to  their 
being  placed  under  a  separate  group,  occupying  a  position 
intermediate  between  Silurian  and  Devonian.  This  group  is 
named  from  the  Harz  '*  Hercynian,"  and  corresponds  to  Bar- 
rande's  Stages,  F,  6,  H,  of  the  Bohemian  basin. 
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The  Hercyniau  Eocks  are  thus  classified : 

(2.)  Lower  WioderBoMefer, 
(I.)  Tanner  Gte^wBcke, 


(1.)  The  Tanner  greywacke  ia  usually  fine  grained,  and 
occurs  in  thick  beda  with  thin  shaley  intercalations.  It 
contains  plant  remains,  Knorria,  Sageiiaria,  Zepidodc-ndron, 
ArchcBOccdam-'Ues,  and,  according  to  Kayser,  some  corals  and 
crinoid  sterna. 

(2.)  To  these  rocks  succeeds  the  lower  di\dsion  of  the 
Lower  Wiederschiefer,  This  group  consists  of  shales,  with 
greywacke  beds  containing  plants ;  also  whet  slates,  kiesel- 
schiefer,^  and  lenticiJar  fossiliferous  limestones,  which  are 
sometimes  of  workable  thickness.  The  limestone  is  of  two 
kinds— a  compact  splintery  siliceous  variety,  and  a  granular 
sparry  variety.  The  former  is  characterised  by  containing 
cephalopoda,  and  the  latter  by  its  brachiopods.  The  fauna  is 
Devonian,  and  is  represented  in  the  genera  Gyroceras,  Gonia- 
tites,  Crypkaeus,  Terebratula,  Spirifer,  AtnplesniS,  and  Phwro- 
dicti/urrt. 

The  whet  slates,  or  "  Wetzachiefer,"  are  yellowish  or 
greeniah-grey  homc^eneous  ailicified  clay  slates,  with  micro- 
scopic mica  scales,  yellowish^reen  mieroliths,  tourmaline 
needles,  and  sometimes  abundance  of  garnets.^  The  Eiesel- 
schiefer  will  be  noticed  under  the  Culm  Rocks. 

The  Upper  or  Graptolite  shale  group  consists  of  clay  slates 
charged  with  crinoids,  orthoceratites,  and,  towards  the  top  of 
the  series,  with  graptolites,  which  have  not  been  found  on 
any  other  horizon  in  the  Harz.^     It  is  interesting  to  note 

'  "Scliiefer"  in  German  relates  to  geometrical  form,  and  is  applied  to  a 
great  variety  of  rocks  with  a  lamellar,  tabular,  or  flakey  etrnctore,  due  either 
to  bedding  or  to  cleavage  (Scbieferung).  Thaa:  ThouBcbiefer  (clay  slate), 
Scbieferthon  (orgillaceons  abale),  Dacbschiefer  (roofing  slate),  Glimmer-, 
Hornblende-,  etc,  achiefer  (mica-,  hornblende-,  etc.,  achiat),  EieselacMefer 
(flinty  flhale),  Knpferschiefer  (copper  shale),  etc.,  etc.  The  German  language, 
so  often  more  expressive  than  the  English,  is  in  tltis  case  less  so. 

>  H.  Credner,  Elemcnte  der  Geologic,  4th  edit,  187S,  pp.  108,  IIS. 

'3ee  E.  A.  Losaeit,  Zeitsch.  d.  d.  geol.  Qes.,  Bd.  ui.,  p.  284;  Bd.  zzvi., 
p.  209;  xzviL,  p.  4&4.  E.  Eayser,  Die  Fauna  d.  klteat.  Devon  Ablagerung 
d.  Bbtz,  p.  210. 
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that  the  graptolites  do  not  occur  in  the  lowest  beds,  but  are 
found  at  the  very  top  of  the  Hercynian  series.  Might  I 
suggest  the  possibility  of  these  graptolites  having  migrated 
as  a  colony  from  some  other  area  during  the  deposition  of 
this  formation?  In  our  Scottish  Old  Eed  Sandstone  of 
Lanarkshire  a  similar  case  occurs  in  the  shape  of  a  single 
graptolite  found  in  a  thin  band  of  shale  about  5000  feet 
above  the  base  of  the  system.^ 

The  granidar  diabase  generally  associated  with  the  Upper 
Hercynian  strata,  is  noticed  under  the  palaeozoic  volcanic 
rocks  at  p.  244. 

6.  Devonian. 

The  Devonian  rocks  rest  conformably  on  the  Hercynian, 
and  are,  on  the  Harz,  as  at  other  places  in  Europe,  palaeon- 
tologically  divisible  into  three  groups — (1.)  Lower,  (2.) 
Middle,  and  (3.)  Upper. 

(1.)  The  Lower  Devonian  rocks  of  the  Harz  are  of  two 
facies — the  "  Upper  Harz  facies  "  and  the  "  Lower  Harz 
facies." 

The  Upper  Harz  facies  is  represented  (1st)  by  ^  set  of 
apparently  unfossiliferous  quartzites,  forming  the  Bruch- 
berg,  a  high  ridge  running  from  the  Brocken  south-west- 
wards to  the  edge  of  the  Harz  near  Osterode ;  and  (2d)  by 
a  series  of  fossiliferous  sandstones,  well  developed,  between 
Clausthal,  Goslar,  and  Ocker,  where  they  form  the  Eam- 
melsberg,  Bocksberg,  Kahleberg,  etc.  This  rock  is  named 
the  "  Spiriferensandstein,"  from  the  numbers  of  spirifers  it 
contains. 

The  fossils  which  characterise  the  Spiriferensandstein  are :  ^ 

Ctenocrinui  deeadadylus.  Ehynchonella  Orhignyana. 

Cyaihoerimis  pinruUus,  PterineafascicukUa, 

TentacttUiies  scalaris.  Nucula  Krachtae, 

Spirtfer  macropterus,  N,  securiformis. 

S,  cuUryugcUus.  Cardinia  Vetusta, 

S,  spedosua.  Orthocertu  planiseptaifwm, 

8,  ev/rvcUm,  Phaoopa  latifrona, 

Chonetes  sareinulata,  HomaZonotus  Oigat, 

{?.  dUaUxta.  Etc,  etc.,  etc. 

*  A.  €kikie,  Text-book  of  Geology,  p.  714. 

'  T.  Groddeck,  Abriss  der  Geognoaie  des  Harzes,  2d  edit,  p.  91. 
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The  Lower  Harz  facies  of  the  Lower  Devonian  has  been 


Typical  tMck 'bedded  grey wucke,  with  few  plnnta 
developed  cbiefl;  on  ttie  %  and  S.  fliuiks  of 
the  anticline.  At  BallEoEtedt,  Elbingecode, 
and  to  N.  and  E.  of  Ilfeld. 

(Small  group  of  claj  alatea,  like  the  Wieder- 
schiefer,  often  grcianiBh  or  red  like  Weta schicftr. 
Intercalated  greywacko  and  Kie-selachiefer 
beds,  end  aheeta  of  diabase.  Zorge,  and  W. 
of  Stiege. 
Typiea!  black  splintery  KiBselsohiefer,  with  thin 
beds  of  cla;  slate.  Stiege,  Benneckenstein, 
LnutorboTgi  also  to  N.E.  of  Huriigarode,  olid 
on  N.  Hide  of  tho  Klbingerode  hoain. 
Like  the  Lower  Wiederach.  At  places  red  and 
green  variegated  ( =  Buntschieferzone) ;  sheets 
of  diabase  and  green  shale  at  top.  Cilnters- 
berge,  Elbingerode  hasin,  and  between 
Eettstedt  aad  Bteltuugcin. 
On  S,  and  K  of  the  anticlinal  axis  of  ths  Tanner 
gr. ,  nnfoasilif.,  and  not  calcareous.  On  N. 
of  axis  often  lussilif,  with  I'uuna  of  Spiriferou- 
sandatein.  8.  and  E.  of  Har^gerode,  Giin- 
tersbsrge,  Elbingerode  basin. 

(2.)  The  Middle  Devonian  of  the  Upper  Harz  ia  repre- 
sented by  (1st)  a  series  of  thio  argillaceous  limestones  inter- 
bedded  with  shales,  which  rests  on  the  Spiriferensand stein, 
and  ia  named  the  "  Calceolaachichten  "  (Calceola  beds),  from 
the  abundance  of  the  typical  Middle  Devonian  coral  Calceola 
sandalina  which  it  contains.  CupressoorinUes  Vrogalli  and 
Spiri/er  spmosus  are  also  characteristic  of  the  group.  Other 
common  fossils  are  Gyathophyllum  vermiculare,  Favosites 
Goldfussi,  Fenestdla  explanata,  and  Fhacops  lati/rons.  (2d) 
The  so-called  "  Goslar  shales,"  with  few  limestone  and  grey- 
wacke  beds,  developed  near  Goslar.  The  most  characteristic 
fossils  are : 


4.  ' '  Zorger  Schiefex, " 


"  HauptkieHolaubiflfor," 


2.  "Obcre  WicderaohiafBr," 


1.  "  Hftupt  Qaantit "  (buo), 


Teniaculita  coniewi. 
T.  annulatus,  etc. 
Cardiola  reiToalriala. 
Orthocerae  muUiseptalum. 


Anidaapit  horrida. 

In  the  Elbingerode  basin,  < 


OoniatiUi  lateKplalus. 
O.  bieanicutatua. 
0.  reb-orme. 
O.  JugUri. 
Cf.  lamed. 
Phaccpa  latiffwa. 


1  the  Lower  Harz,  the  Middle 
Devonian  rocks  are  represented  by  the  "Stringocephalenkalk  " 
,.  p.  so. 
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series  of  limestones,  with  beds  of  tuff  and  ironstone.  The 
characteristic  fossil  is  Stririgocephalus  Burtini,  It  is  here 
associated  with  Calceola  sandcUina,  but  on  the  Upper  Harz 
the  Stringocephalus  is  only  found  in  a  thin  bed  between  the 
diabase  sheets  extending  from  Altenau  to  Osterode. 

(3.)  The  normal  Upper  Devonian  series  of  the  Upper  Harz 
is  represented  by  the  so-called  Intumescens  beds,  or  Kramen- 
zelkalk,  over  which  lie  the  Gypridina  shales.  These  beds 
are  best  developed  round  the  edges  of  the  Goslar  shale 
area  south  of  Goslar.  The  Kramenzelkalk  is  a  compact  grey 
argillaceous  limestone,  with  thin  shale  beds  and  few  fossils. 
The  most  important  is  Goniatites  intumescens;  other  forms 
are  0.  bicancUictdatus,  G,  rdrorsus,  Cardiola  retrostriata,  Area 
Clymemae,  and  Fhacops  laevis. 

The  Gypridina  shales  are  developed  principally  between 
Langelsheim  and  Lautenthal.  They  are  greenish,  yellowish, 
or  red  in  colour,  and  have  occasional  limestone  nodules. 
The  shales  are  often  spotted  with  the  little  shells  of  Gypridina 
serratO'^triata,  &om  which  they  are  named.  A  few  other 
forms  occur,  including  Posidonomya  venrista,  P,  striata-siUeata, 
and  Fhacops  cryptophthalmus. 

The  Upper  Devonian  of  the  Elbingerode  basin  con- 
sists of  limestones  and  calcareous  beds,  with  RhynxJwnella 
cuboides,  Terebratula  elongata,  and  Spirifer  disfunctus  {Ver- 
newUi),  and  beds  of  diabase  tuff  (Schalstein). 

The  chief  limestone  of  the  Upper  Devonian  series  is  named 
the  "  Ibergerkalk,"  from  Iberg,  a  hill  on  the  Upper  Harz, 
near  Grand,  a  village  7  kilos  W.  from  ClausthaL  The 
Iberg  and  Winterberg  are  parts  of  a  great  isolated  boss  of 
Devonian  limestone,  which  rises  through  the  overlying  Gulm 
strata.  It  is  almost  totally  unstratified,  and  is  very  rich  in 
corals.  The  limestone  is  honeycombed  by  a  vast  number  of 
caverns  and  fissures,  some  of  which  contain  deposits  of  iron- 
stone, etc.,  and  others  are  open  to  visitors  (e.g,,  Baumanns- 
and  Bielshohle,  near  Eubeland,  Lower  Harz).  In  the 
Baumannshohle  many  bones  of  cave  animals  have  been 
found,  such  as  cave  bear,  cave  dog,  hyaena,  cat,  horse,  etc. 
The  limestone  of  the  Iberg  rises  through  the  Culm  grey- 
wackes  and  shales,  which  are  folded  and  crumpled  round 
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its  sides,  to  a  depth  of  about  1300  feet  (400  m.)  below  the 
summit — a  fact  which  appears  to  point  to  its  having  formed 
a  massive  resisting  body,  while  the  more  pliable  sedimen- 
tary strata  around  it  were  bent  about  during  the  great  earth 
movements  which  took  place  in  the  middle  of  the  Carbonifer- 
ous period.^ 

This  great  Devonian  coral  reef  contains,  besides  many 
corals  (as  Ascervularia,  Gyathophyllum,  etc.),  other  fossils  in 
great  numbers,  e.i/. : 

TeTtbraiiUa.  sloiigaia.  Bhyadiojiclla  admdea,  B.  Pugnae. 

Spiri/er  simplex,  dejiaaa,  bifidus.  OrChii  alriaiuia. 

Oonial-iUi  WuilniL  Conocardium  traptsoiAaU. 


Also  many  species  of  Natiat,  Tvrha,  PUurolomaria,  Loxomena,  etc. 

Dr  von  Groddeck,  in  his  paper  just  alluded  to,  notes  the 
striking  resemblance  between  the  Iberg  rock  and  the  Devonian 
limestone  at  Freiburg  in  Lower  Silesia,  which  also  rises  like 
an  island  through  the  overlying  Culm  grey  wackea  and  shales. 

The  dimensions  of  the  Lower  Devonian  series  are  not 
known,  but  the  Middle  Devonian  beds  have  been  found  in 
the  Bockswiese  mine  north  of  Clausthal  to  have  a  thickness 
of  about  100  feet  (30  m.),  and  the  Upper  Devonian  Kramen- 
zelkalk  and  Cypridina  shales  a  thickness  of  525  feet  (160  m.). 
My  best  thanks  are  due  to  Professor  von  Groddeck,  who  has 
kindly  supplied  me,  since  leaving  Clausthal,  with  these 
figures,  as  well  as  with  other  information  which  I  was  tinable 
to  obtain  during  my  residence  there. 

c.  Cnlm,  or  Lower  Carboniferons. 

The  Culm  is  developed  on  the  Upper  Harz  only,  where  it 
forma  the  plateau  on  which  Clausthal  is  situated,  and  ex- 
tends round  the  west  end  of  the  mountains  by  Seesen  to 
Langelsheim.     It  is  subdivided  thus : 

,„  ,  I  Upper  or  Grand  gtejwacke. 

^^■'  \  Lower  or  Clanstlial  greTwacke,  thickneea  at  least  1300  feet. 

(2.)     "Posidonomyenachiafer"  and  Calm  limestone,  *26  feet. 

iEieEelsoliiefer  witli  adiaole  beda.     Whet  slates,  grerwocke  and  len- 
ticnlar  limestones,  resting  coofomiablf  on  the  Upper  Devonian, 
100  feet 
(1.)  The  kieselschiefer,  or  lydian  stone  of  the  Harz,  is  a 
>  Ton  Groddeck,  Jahrbttch  der  k5nig1.  preoss.  geot  LimdeMnrtalt,  1882, 
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compact,  veiy  hard,  infusible,  homstone-like  siliceous  rock, 
with  splintery  fracture  and  dark  colour,  and  is  impregnated 
with  carbonaceous  material  and  iron  oxide.  It  occurs  in 
beds  made  up  of  layers  from  1  to  4  inches  in  thickness,  and 
is  traversed  by  numerous  joints,  and  veined  with  quartz. 
The  kieselschiefer,  whet  slates,  and  adinole  beds  of  the  Upper 
Harz  have  been  described  minutely  by  Dr  F.  Wunderlich,^ 
who  has  given  an  elaborate  account  of  their  chemical  and 
mineralogical  characters.  The  following  analyses  of  these 
three  rocks  made  by  him  (loc,  cU.,  pp.  30,  31)  give  a  good 
idea  of  their  average  composition : 


A. 

FeO, 

MnO, 

CaO, 

MgO, 

i^v/,  •  •  • 

Na,0,      . 

CuFeS,  (copper  pyrites), 

a,.      .     .     . 
c,  .     .     .      . 

H|0,        ... 


Kieselschiefer. 

92*482 

0-555 

0-700 

2-637 


1-359 
0-324 
0-544 
0-641 
Trace 
0-034 
0-052 
0-556 
1-746 

101  -430 


B.  Adinole. 

,     77-278 

0-749 

1-278 

10-209 

(1  -240) 

1-667 

0-454 

0-925 

4-897 

(0-284) 

Trace 

0  044 

0-184 

2-771 


0.  Whet  Slates. 
74-839 

0-960 

1-848 
13-284 

1-055 

1-289 

0-420 

1-174 

2-610 
(0-132) 

0-227 
(0-039) 

0-168 

2-878 


101  -430 


100-423 


Besides  these  constituents,  traces  of  TiO,,  FeS,  (iron 
pyrites),  and  Sb^Sg  occur  in  each  rock.  SOg  occurs  in  a  few 
cases,  and  some  of  the  specimens  of  B  and  c  contained 
a  large  quantity  of  CaCOy  A  is  the  average  of  five,  and 
B  and  c  of  six  analyses.  Figures  in  brackets  indicate 
that  the  material  in  question  has  not  been  found  in  all 
cases. 

The  adinoles  are  distinguished  chemically  from  the  kiesel- 
schiefer by  the  larger  quantity  of  alkaH  they  contain,  which 
renders  them  easily  fusible  before  the  blowpipe,  while  the 
kieselschiefer  are  infusible.    The  variegated  banded  appear- 

^  Mittheilungen  des  Berg-  n.   Huttenmannischen   Yereins    "Miga"  zu 
Clausthal,  1880,  pp.  1-95. 
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ance  of  the  former  renders  thein  easily  distinguisliabli 
the  eye. 

The  Kieselachiefer  beds  are,  in  almost  all  the  cases  I  have 
seen,  iDtenaely  crumpled  and  bent  into  sharply-defiued  folds, 
in  a  way  which  shows  them  to  have  been  quite  plastic  at 
the  time  of  their  contortion. 

(2.)  The  "  Poaidonomyenachiafer  "  are  ordinary  dark  blue 
or  grey  argillaceous  shales  ("  blaes"  of  the  Scottish  miner), 
with  many  impressions  of  Posidonomya  Becheri.  Other 
characteristic  forms  are  Orthoccras  atriolatum,  Goniatites  cre- 
nistria,  G.  mueoiobtts.  Plant  remains  are  rare  in  this  group. 
Small  beds  of  limestone  occur  in  these  shales  at  some  places. 
On  the  south  side  of  the  Iberg  blocks  of  a  dark  lime- 
stone are  found,  containing  the  following  Carboniferous 
fossils: 


lable  by         H| 


Tertbratuia  eo 

Inoccramiu  carbonariiu.  OoaialiUa  crenUtria. 

Phillipsia  dUemaiia. 

There  are  also  patches  of  quartzite  between  the  Clausthal 
greywacke  and  the  Devonian  hmestone  of  the  Ibei^,  whieli 
contain  carboniferous  limestone  fossils,  and  are  regarded 
by  EUyser  and  others  as  silicified  carboniferous  limestone. 
This  limestone  appears  to  have  been  formed  as  isolated  patches 
in  the  neighbourhood  of  the  boundary  between  the  Iberg 
limestone  and  the  greywacke.^ 

(3.)  The  greywaekes  forming  the  highest  division  of  the 
Culm  are  typically  developed  around  Clausthal  They  are 
very  rich  in  felspars,  and  the  sandy,  thin  bedded  varieties, 
externally  resembling  fine-grained  sandstones,  are  apparently 
richer  in  plagioclase  than  quartz.  Many  of  the  coarse- 
grained greywaekes  resemble  metamorphic  granites,  and  must 
be  classed  as  arkose.*  The  greywacke  of  the  Harz  is  a  poor 
building  stone,  partly  because  it  is  difficultly  cut  into  suit- 
able blocks,  and  partly  on  accoimt  of  its  hygroscopic  character. 

It  is  in  these  beds  that  the  Culm  fiora  occurs.     The  plant 

'  Zur  Kenntnisa  de»  Oberbarzer  Culm.  Jahrbacb  d«r  Icbuigl.  preuss.  geol., 
LandeBssBtalt,  1382,  p.  60. 
'  Ibid.,  p.  66. 
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remains  are  neither  very  abundant  nor  perfect.    The  most 
characteristic  species  are — 

OcUamites  tnmsUionis,  Knorria  Jugleri. 

,,        Roemeri.  t,      fusiformis. 

Z&pidodendron  Veliheimiamwm,,  Bomia  seroHculcUa, 
,f            hexagonum. 

The  Upper  or  Gmnd  Greywacke  is  a  conglomeratic  rock, 
with  pebbles  of  white  quartz,  quartzites,  granites,  and  quartz 
porphyries — all  of  a  kind  unknown  either  among  the  older 
rocks  of  the  Harz,  or  among  those  of  the  surrounding  ranges. 

3.  Border  Rocks  (Eandgesteine). 

d.  Coal  Measures  (Obere  Stei/nkohlenforrnation). 

The  coal  measures  are  represented  at  Meisdorf  on  the 
northern  Harz  border,  near  Ballenstedt  (see  section  No.  1), 
and  at  Grillenberg  and  Ilfeld  on  the  southern.  The  series 
at  all  three  localities  is  very  thin,  and  rests  in  violent  un- 
conformability  on  the  upturned  edges  of  the  Devonian  rocks. 
At  Ilfeld,  where  it  has  been  best  explored,  the  series  consists 
of  a  basement  conglomerate  of  grey  colour,  containing  com- 
pletely rounded  egg-  to  head-sized  pebbles  and  boulders  of  grey- 
wacke, kieselschiefer,  and  occasionally  quartzite,  with  inter- 
calations of  red  and  brown  arenaceous  shale  and  sandstone, 
above  which  come  the  true  coal-bearing  strata.  These  are 
•principaUy  sandstones  and  plant-bearing  bituminous  shales, 
resting  on  a  bed  of  grey  conglomerate,  and  containing  a 
workable  coal-seam  in  three  divisions,  whose  thickness  is 
generally  4  to  5  feet,  but  sometimes  amounts  to  7  or  8  feet 
(Prus,).  The  roof  of  the  coal-seam  consists  generally  of  thin 
fissile  red  or  grey  shale,  or  conglomerate  made  up  of  sub- 
angular  fragments  of  Hercynian  rock  It  is  foimd  at  some 
places  near  Ilfeld  to  cover  the  coal  unconformably ;  and 
for  this  and  palaeontological  reasons  has  been  relegated  to 
the  overlying  New  Eed  or  Rothliegendes  formation.^ 

^  See  article  on  the  Coal  formation  in  the  neighbonrhood  of  Ilfeld  in  the 
Colliery  Qtiardicm,  Nov.  12,  1875,  pp.  713,  714 ;  also  C.  F.  Naumann  iiber 
die  geognostischen  Verhaltnisse  des  Melaphyr  Gebietes  von  Ilfeld,  Leonhard 
XL  Bronn.,  Jahrb.,  1860,  pp.  1-35;  also  Geinitz  Dyas,  ii.,  p.  198. 
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■  The  coal  and  subordinate  strata  extend  as  a  narrow  band 
from  Vatersteine,  behind  the  old  castle  of  HobenBtein,  to 
Neuatadt,  then  onwarda  by  Ilfeld  across  the  Behrethal  to 
the  Kunzenthal,  near  Eothensiitte — a  total  distance  of  some 
16  milea.  The  series,  which  dips  away  from  the  moiintains, 
thua  Ilea  in  a  great  bay  in  the  old  "  core  "  rocks,  which  have 
here  formed  part  of  the  ancient  margin  of  the  Carboni- 
ferous sea. 

The  flora  of  this  district  is  characterised  by  the  abundance 
of  its  ferns,  which  leads  to  its  being  correlated  with  the 
highest  of  the  German  coal  strata.  Forty-six  speciea  of 
plants  are  known  to  occur  at  Ilfeld.  A  list  of  the  flora 
is  given  in  the  article  in  the  Collier y  Guardian  just 
referred  to. 


e.  Permian  {Dyaa). 

The  strata  above  the  coal-seam  are  at  some  places  uncon- 
formable, and  contain  a  slightly  different  flora  from  that 
which  ia  furnished  by  the  bituminous  shalea  associated  with 
the  coal  itself.  The  division  ia,  however,  by  no  means  very 
sharply  defined;  but  Murcliison,  Sedgwick,  and  F.  A.  Eoemer 
of  Clauathal  were  of  the  opinion  that  the  coal-seam  is  of 
Carboniferous  age,  while  all  the  overlying  red  rocks  belong 
to  the  Lower  Permian  or  Eothliegendes  group,  and  most 
geologiflta  are  inclined  to  adhere  to  their  views. 

The  strata  above  the  coal,  which  are  of  no  great  thickness, 
are  covered  by  a  thick  bed  of  baaalt,  over  which  comes  a 
series  of  variegated  shales  and  sandstones,  reaching  occa- 
sionally a  thickness  of  lOQ  feet,  and  containing  the  Permian 
planta  Walch/ia  pini/ormis  and  Odontopteris  oUusiloba.  These 
beds  are  in  turn  overlaid  by  a  great  bank  of  interbedded 
porphyrites,  which  at  Ilfeld  represent  the  whole  of  the  Lower 
Eothliegendes  series.  The  porphyrites  are  red  and  amygda- 
loidal,  and  often  very  much  decomposed. 

At  Ilfeld  the  remainder  of  the  Eothliegendes  is  occupied 
by  sandstones,  tufis,  and  conglomerates,  which  have  generally 
the  red  hue  characteristic  of  the  series,  but  become  grey 
towards  the  base  of  the  Zechstein. 


I 
I 
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The  Bothliegendes  is  typically  developed  at  Mansfeld, 
where  it  has  the  following  two  divisions : 

(  Basalt  (Melaphyr)  tuffs  and  amygdaloids,  with  qnartz-porphyry 
Upper,  <     conglomerates  with  basalt  pebbles.     Dark  red  sandstones  resting 
(     on  angular  grained  sandstones,  with  silicified  coniferous  stems. 

Bed  shales  and  clays,  with  hard  fine  sandstones  and  beds  of  "  horn- 
quartz  conglomerate,"  10  to  over  20  feet  thick.     Two  or  three 
-  1     beds  of  argulaceous  unfossiliferous  massive  limestone,  each  about 

l^wer,  K^  g  ^^^  thick.  Brilliant  red,  fine  sandy  clays  at  base  over  carboni- 
ferous rocks.  Sandstones,  shales,  and  limestones  along  S.  border 
of  Harz.     Basalt  and  porphyrite  eruptions  during  this  period. 

The  so-called  "  hom-quartz  conglomerate "  is  made  up  of 
nut-  to  head-sized  pebbles  of  grey  quartz,  oval  or  round, 
quite  smooth,  and  very  compact  and  hard.  They  are  usually 
found  in  a  loose  red  clay  matrix,  from  which  they  are  easily 
detached  to  be  used  as  road-metal  These  alternate  with 
other  fine  conglomerates,  containing  bean-sized  pebbles  of 
jaspery  rock  or  kieselschiefer.  No  granite  pebbles  occur  in 
the  Bothliegendes. 

The  Eothliegendes  is  not  usually  very  fossiliferous,  and 
bespeaks  a  period  in  which  the  waters  were  by  no  means 
conducive  to  animal  existence.  The  land  plants  which  occur 
are  of  the  usu£tl  Permian  type,  chiefly  Cycads,  Conifers,  Ferns, 
and  Calamites,  with  a  few  Lycopods.  Silicified  stems  of 
tree-ferns  (Psaronivs  and  TuUcaulis)  and  conifers  are  abun- 
dant at  some  localities.  On  the  Kyfifhauser  there  are  many 
such  stems  2  or  3  feet  in  diameter,  and  sometimes  30  feet  in 
length,  lying  embedded  in  the  red  sandstone  of  the  Upper 
Bothliegendes. 

e\  Zechstein. 

From  a  palseontological  point  of  view,  the  Zechstein  forms 
part  of  the  Permian  series,  but  geologically  it  deserves  a 
separate  place  in  the  list  of  formations,  as  it  indicates  a  great 
change  in  the  physiography  of  the  region.  The  southern 
and  eastern  flanks  of  the  Harz  are  classic  localities  for  the 
study  of  the  Zechstein,  which  has  there  acquired  a  world- 
wide interest  from  its  seam  of  copper  shale — the  celebrated 
Kupferschiefer  of  the  Mansfeld  basin — and  from  its  great 
beds  of  anhydrite,  gypsum,  and  dolomite,  which  form  lines 


r 


222  Proceedings  of  the  Itoyal  Physical  Society. 

of  impoaing  escarpment  facing  the  mountains,  and  remind 
the  spectator  of  the  white  challi-cliffs  that  girdle  the  Bouthern 
shores  of  Britain. 
The  Zechstein  is  here  divisible  into  three  lithological  groups  : 

DeTelojied  at  Mnoafeld,  Hud  along  eonth  border  of  tJio  Harz. 
8.  Tongh  brown  or  blue  clayH,  alternating  with  fbia  bads  of 

yellowish  limeatona  and  dolomite. 
7.  Qjpaum  without  anhydrite  (youiiger  gypsom). 

DeToloped  all  round  tliB  Hnre. 
6.  Dolemite,  fastid  Emeatone,  and  ahale. 
5.  Dolomite,  granular  and  sandy  (Ascho),  and  porous  and  eoarse 

(RauchwackB). 
i.  Anhydrite  and  gypanin,  with  rocksalt  beds  (older  gypsum). 

3.  Zechstein.  \ 

2,  EnpferBchiefer.  (  Always  occur 

1.  Zechstein   conglomerate  ("Weiaalie-  i      togetlier. 
gendes)  resting  on  Kothliegcades.   J 

The  so-called  "  Weissliegendes  "  (white  layer)  or  Zechstein 
conglomerate  occurs  in  the  Mansfeld  district  conformably 
on  the  top  of  the  Eothliegendes ;  but  at  Ilfeld  and  other 
places  a  discordance  has  been  observed  between  the  two 
groups.  It  is  a  greyish  conglomerate,  with  pebbles  of  decom- 
posed greywacke,  kieselschiefer,  and  quartz  in  a  calcareoua 
matrix.  Pebbles  of  the  volcanic  rocks  of  the  Eothliegendes 
do  not  occur  in  this  bed.  It-occura  along  the  southern  border 
of  the  Harz  and  on  the  KyfThauser,  and  has  a  thickness  of 
from  3  to  6  feet.  In  the  Mansfeld  district  between  Eisleben 
and  Hettstedt  it  is  represented  by  a  bed  of  coarse  grey 
round-grained  sandstone,  1  inch  to  6^  feet  in  thickness. 

The  Kupferachiefer  seam  will  be  described  under  the 
Metalliferous  Deposits  of  the  Harz. 

The  Zechstein  proper  is  a  compact,  yellowish  or  greyish 
argillaceous  limestone,  with  flat  conchoidal  fracture,  and  is 
the  most  persistent  of  all  the  beds  accompanying  the  seam. 
It  is  usually  in  this  district  15  to  35  feet  thick,  and  is  well 
seen  in  the  Mansfeld  shale  workings.  In  the  lower  portion 
of  the  Zechstein,  Prodtictus  horridus  (Sow.)  and  Spirifer 
uvdvlatus  (Sow.)  are  the  characteristic  brachiopods.  Higher 
up  come  Fenestella  reti/ormis  (Schloth.),  Schizodus  obseurus 
(Sow,),  Gervillia  ceratophaga  (SchL),  Avieiila  speluneana, 
(SchL),  Pecten  pusUlus  (Schl),  Terebraiula  eiongata  (Schl), 
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CkiTnaroflioria  SeUotheimi  (Bach.),  StrophcUosia  Gfoldfussi 
(Miinst.),  etc. 

It  is  the  Gypsum  of  the  Middle  Zechstein  (older  gypsum) 
that  fonns  the  white  cliffs  at  Osterode.  In  the  Mansfeld 
district  it  occurs  lenticularly,  and  has  been  passed  through 
in  the  various  shafts  sunk  to  the  Kupferschiefer,  but  thins 
out  and  does  not  make  much  appearance  towards  the  edge 
of  the  basin  at  the  outcrop  of  the  seam.  Wherever  the 
gypsum  occurs,  subsidences  of  the  surface  take  place,  from 
the  falling  in  of  subterranean  cavities  where  the  gypsum  or 
the  local  rocksalt  beds  it  contains  have  been  dissolved  away 
by  percolating  water.  Many  such  cavities  have  been  struck 
in  the  Mansfeld  shale  workings. 

The  so-called  "Eauchwacke"  is  supposed  to  have  been  pro- 
duced by  the  expansion  accompanying  the  hydration  of  the 
anhydrite.  The  increasing  volume  of  the  gypsum  thus  formed 
would  shatter  the  overlying-  dolomite,  and  convert  it  into  the 
brecciated,  porous  mass,  called  by  the  Mansfeld  miners 
"Eauh-"  or  "  Eauchwacke,'*  from  its  rough  feeling  to  the 
touch.  The  Rauchwacke  has  a  thickness  of  from  6  to  65 
feet,  and  contains  the  following  fossils  :  MytUus  Haumaanni 
(Groldf),  GervUlia  ceratophaga  (SchL),  Schizodus  dbscv/rus 
(Sow.),  etc. 

The  great  masses  of  Eocksalt,  which  occur  along  with  the 
anhydrite  and  gypsum,  reach  an  enormous  development  at 
Stassfurt  and  Schonebeck,  and  have  recently  been  found  to 
exist  in  workable  quantities  at  Aschersleben,  near  the  eastern 
end  of  the  Harz,  and  at  Vienenburg,  a  village  opposite  the 
base  of  the  mountains  at  Harzburg.  The  bottom  of  the 
great  salt  bed  at  Stassfurt  has  not  yet  been  reached,  but 
borings  have  proved  it  to  have  a  thickness  of  at  least  1600 
feet  (490m.).^ 

/  Trias. 

It  is  not  my  intention  to  do  more  than  give  a  general 
glance  over  the  Secondary  rocks,  as  they  are  more  interesting 
to  the  palaeontologist  than  to  the  geologist,  and  do  not  differ 

^  See  H.  M.  Cadell  on  "The  Salt  Deposits  of  Stassfurt"  (Trans.  Edinb. 
Gool.  Soc.,  Tol.  v.,  1884). 
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greatly  from  those  of  the  British  Isles.     The  German  Tcias 
ifl,  as  ita  name   implies,  divisible   into   three  well-marked 
groups.     It  is  found  all  round  the  Harz. 
(3.)Eeaper,    .     .     Taiiegnted  clays  imd  marls,  witli  sandBtona  and  gypsum. 

LiniflstoDe,  with  Amnumitee  (CeralUes)  Twdosua. 
Limestone  beds  aud  cI^ts  below  oolitic  lime- 
stone, with  TtTebralttla  vulgaris,   T.  Vrigo- 
\      ntlla,  Lima  llriaCa. 
Middls,     Dolomitic  msrls,  witb  somegjpsiun;  no  fossils, 
I  "Wellenkalk"  and  "Schaumkallt,"  with  Sn- 
LowBT,    <      eriiaia  lilii/ormis,  Tiirritella  scalata,  Ttirba 
1      grigaritii,  Trigonia  Itmrigala,  etc 

1  Chiefly  reddish  or  variegated  sandstones,  with  beds  of 
<  roestone,  gypaum,  ntid  Touksalt,  almost  nnfosailiferoua. 
(      PiisidonoTus/a  Qermari. 

Large  beds  of  rocksalt  occur  in  the  German  aa  well  as  in 
the  English  Trias.  A  thick  bed  occurs  at  Schiinebeck  between 
the  upper  and  middle  divisions  of  the  Bunter,  as  well  as  that 
between  the  Zechatein  and  Lower  Bunter,  already  alluded  to. 


(2.)Uaache!ka11[, 


(1.)  Bnnter, 


g.  Jnra. 

The  Jurassic  Eocks  are  developed  in  a  narrow  band  along 
the  northern  boundary  of  the  Harz,  and  am  divided  into  (1.) 
Lias  or  Black  Jura ;  (2.)  Do^er  or  Brown  Jura ;  and  (3.) 
Upper  or  White  Jura. 

(1.)  The  Lias  or  lowest  division  is  classified  chiefly  by  its 
Ammonites. 

5.  Clayejmarlawith  ,Jm,  nvficuu,  sfnofuf,  5«J.  fnjiarlitus. 
Upper  Ilia*, .     .8.  Bituminons  marls  :   Am.   aerpaiMn'oa,  wmrawtU,  Posi- 

donomya  Brrynni,  A'mjMJa  sabstriaia,  etc 
7.  Dark  plastic  clays :   A'm.  Aiaaliheia,  tpimUia,  Inoar- 
amtu  tabsiriatut. 

6.  Claj  marls  and  grey  oolitic  limestones :  Am,,  eaprieomut, 
A.  earvieamvs,  finAriatiu,  Bclem.  paaillotiu,  tanbili- 
edlul,  clattatta,  brevifomiis. 

5.  Oolitic  limestones  and  red  ironstones  :  Atn.  breviapina, 
Jametoni,  Terebrat-utatmmienialis,  Spirifer  Toatrattit. 

1.  Grey  and  blue  clays  with  ironstone  and  limestooe 
geodes  :   A.  planieoataia,  A.  ziph^  obtuna. 

3.  Dark  blue  tough  claya  and  red  ironstone  beds  (worked 
at  Harzburg) :  Am.  Bucklandi,  Oryphaa  oreiwte, 
Spmfer  H^alixtlli {-" aiieUahedA"}. 

2.  Zone  of  Ammonites  angulalus. 
1.  Yellowish  clays  with  intercalations  of  sandy  limestone  : 

Am.  Johtutoni  iSovi.)  =  Spilimatui plitaius  (Qneiat.). 

(2.)  Above  the  Lias  comes  the  Dogger  or  Brown  Jura, 
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which  is  also  chiefly  indebted  to  the  Ammonites  for  its 
arrangement  into  the  following  8  zones  : 

8.  Clays  with  A,  Jouon,  Athleta,  LamJberti,  gryphaa  dilcUata,  Bel,  eancUicu- 

lotus, 
7.  EellowayB  rock  :  A.  macrocephalus,  funatus,  etc. 
6.  CSombrash,  small  piece  not  in  place,  with  Avicula  echinata. 
5.  Beds  with  OsUrea  Knorrii,  Am.  ferrugineiu,  Parkinsonif  Astarte  pulla, 
4.  Clays  with  brown  ironstone  :  Zone  of  Am.  Parkinsonif  Terebrat,  varians, 

Ostrea  explancUa,  Trigonia  costata,  Ph4>ladomya  Murchitoni. 
3.  Zone  of  Am,  coronatus,  doubtful. 
2.  Clays  with  sphserosiderite  nodules :  Inoceramus  polifplocus,  Pholadoviya 

transversa,  etc. 
1.  Dark  clays  with  sphserosiderite  nodules  :  Zone  of  Am.  opalinus,  Trigonia 

navis,  NuciUa  Eamnuri, 

(3.)  The  Upper  or  White  Jura  contains  the  Oxford  Clay, 
Coralrag  and  Kimmeridge  beds,  and  is  richly  fossiliferous. 
The  various  subdivisions  of  the  Jurassic  series  do  not  occur 
with  very  great  persistency,  as  they  often  thin  out  and  dis- 
appear at  some  places,  reappearing  again  at  others. 

The  following  are  the  palseontological  groups  into  which 
the  Upper  or  White  Jura  is  divided : 

/.  Unfossiliferous  marly  limestone  over- 
laid by  cryst.  limestone,  30  ft. 

t.  Marls  with  Asta/rU  and  CerUMum,  25 
to  30  ft. 

d.  White  compact  marly  limestone,  20  to 
30  ft.  Tereh,  subsdla,  Pecten  com- 
atuSf  PJioladomya  midticostata,  one 
specimen  of  Exogyra  Virgula, 

c,  Dolomitic  limestone,  10  to  15  ft.,  with 
Pteroceras  Oceania  Ponti,  etc.,  etc. 

h.  Marls  and  marly  limestone,  20  to  80 
ft.,  with  Qresslya  SaussuHi,  nuculos- 
formiSf  Chemnitzia  abbreviataf  Natica 
globosa,  dvbia,  macrostoma,  etc. 

a.  Marly  limestone,  10  ft.  TerebraMa 
humeralis. 


4.  Kimmeridge 
group,  very    v 
fossiliferous. 


Upper  . 

Oxford  group. 


8.  Coralrag.     *< 


VOL.  VHL 


g.  Yellow  grey  marl,  6  ft,  with  Exogyra 
spiralis,  Ehynchonella  pinguis, 

f.  Limestone,  4  ft.,  with  Nervtvea  (N. 
visurgist), 

e.  Oolitic  marly  limestone,  2  ft.,  Exogyra 
spiralis,  Mytiltis  furcaius, 

d.  Dark  OTey  marly  limestone,  4  ft.,  very 
fossuiferous.  Cidaris  cremUaris, 
florigemma,  JRh,  pinguis,  vnconstans, 
Diadema  subangtilare, 

c.  Grey  stratified  clay,  2  to  3  ft. 

b.  Laminated  marly  limestone,  3  to  4  ft. 

a.  Yellow  coarsely  oolitic  marly  limestone 
and  marl,  15  ft.  Exogyra  lobata, 
Pecten  articulatus,  Pleurotomaria 
suprajurensis,  Terebrat,  trigoneUa, 
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r2.  Limestone,  1  to  2  ft.,  full  of  corals,  especially  Astrea 
Lower       J  JieliantJioides. 

Oxford  group.   I  1.  Marly  limestones,  with  A.  cordcUus,  A,  biplex,  Gfryphcea 
I         dilcUcUa. 


h.  Cretaceous. 

The  Jurassic  rocks  around  the  Harz  are  covered  conform- 
ably by  the  basement  beds  of  the  Cretaceous  system,  which  is 
only  found  on  the  north  side  of  the  range. 

The  Cretaceous  system  is  divisible  here,  as  elsewhere  in 
Germany,  into  5  main  groups  :  (1.)  Neocomian  (or  Hils),  and 
(2.)  Gault  (Lower  Chalk) ;  (3.)  Cenomanian ;  (4)  Turonian ; 
and  (5)  Senonian  (Upper  Chalk).  There  is  no  representative 
of  the  Wealden  in  the  neighbourhood  of  the  Harz. 

The  Hils  conglomerate  and  limestone  form  the  base 
of  the  system,  and  are  covered  by  the  Hils  clay — a  bed  of 
loose  glauconitic  sands  with  clays  and  marls.  The  conglome- 
rate consists  of  little  pebbles  of  limonite — the  Bohnerz  of  the 
Germans — which  also  occur  in  the  Hils  clay,  and  sometimes 
form  workable  beds.  The  conglomerate  at  places  fills  worm 
tubes  which  extend  1  or  2  inches  downwards  into  the  lime- 
stone of  the  Kimmeridge  group.  The  Hils  limestone  con- 
tains among  others  the  following  fossils: — 

Toxaster  eomplanatus. 
Terehratula  muUiformiSf  oblonga, 
Exogyra  sinuata. 
Ostrea  macroptera, 
Pecten  crassitestaf  etc. 

The  Gault  which  overlies  the  Neocomian  is  well  repre- 
sented along  the  base  of  the  Harz,  especially  near  Langel- 
sheim  and  Goslar,  where  it  divides  itself  into  the  following 
lithological  groups : — 

(c.)   **Flammenmergel,"  dark    grey   clay  marls   with  white  flame-shaped 

streaks.    Numerous  fossils  :  Avicula  grypJueoides,  Solariwra  omatv/m. 

Ammonites  inflatus^  A.  Mayorianus. 
(6.)  Clays  and  Marls,   variegated  and  glauconitic:  Belem,  Listeria  Avicula 

grypTiceoides,  Pycnodus, 
(a.)  Gaultsandstone  (Lower  Quader  sandstone),  a  white  or  yellowish  brown, 

very  soft,   finegrained,   almost    unfossiliferous   rock.      Quarried  for 

sand  to  E.  of  Goslar. 

The  Neocomian  and  Gault  are  classed  as  Lower  Chalk 
(Untere  Kreide)  and  the  Cenomanian,  Turonian,  and  Senonian 
as  Upper  Chalk  (Obere  Kreide). 
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Upper  PI. 
Taronian. 


Lower  PI. 
Cenomanian. 


The  Upper  Chalk  contains  the  following  groups : — 

2.  Senonian. 

1    P18.       i  Upper  Planer  or  Turonian. 

I.  rianer  |  j^^^^  Planer  or  Cenomanian. 

1.  PlIner. 

(h.)  Cuvieri  beds  really  Senonian.  Marls  and  marly  lime- 
stones with  beds  of  green  sand  and  conglomerate  full 
of  sharks'  teeth  :  Inoceramut  Cuvieri,  Ter,  camea, 
Ananchytes  ovcUus,  Micraster  cor-anffuinv/m. 

{g, )  Scaphites  beds  with  occasional  flints.  Scaphites  Oeinitssi, 
Am.  peramplius,  HeUoceras  plicatiliSf  Irioceramua 
lattcSf  cuneiformis. 
•K  (/• )  White  Brongniarti  beds ;  grey  and  snow-white  lime- 
stone, compact  and  hard,  or  chalky.  Inoc.  Brong- 
niarti, Khynch.  Martini,  Bh.  Manielliana,  Ter.  semi- 
globosa,  Micraster  cor-anguinum. 

(«.)  Red  Brongniarti  beds;  flesh-red  marly  limestone,  hard 
and  sometimes  with  conchoidal  fracture  :  In. 
Brongniarti,  mytiloides,  Bh,  Martini^  Mantelliana, 
T,  semiglobosa. 

(d.)  Poor  Rhotomagensis  beds,  fossils  rare,  grey- white  solid 

limestones,  hard,  and  with  conchoidal  fracture, 
(c.)  Rhotomagensis  beds,  rock  like  b.  Am.  rhotomagensis, 

Inoc.  striatus,  Plicaiula  inflata^  Ter.  hiplicata,  HolaMer 

suhglobosus,  Discoidea  cylindrica. 
(h.)  Yarians  beds.    Hard  grey  limestones  with  marls,  occa- 

sional    grey-white  massive  limestones  with  earthy 
"S  fracture.     Am.  varians,  Mantelli,    TurrilUes  tuber- 

culatns,  Inoc.  striatus,  Plicaiula  inflaia. 
(a. )  Green  clayey  sands  and  glauconitic  marls.     A.  varians, 

Mantelli,    Mayorianus,    Turril.   tuberculatus,   In^c. 

striatums,    Janira    guinquecostaJta,    Ostrea   carinata, 

Bhynch.   latissima,  Hemiaster  bufo,   Discoidea  sub- 

uculvs. 

2.  Senonian. 

This  highest  division  of  the  Cretaceous  system  extends 
uninterruptedly  from  Goslar  to  Ballenstedt  in  a  great  cake 
which  spreads  out  northwards  over  the  plain  at  the  base  of 
the  mountains,  and  is  not  violently  tilted  up  on  end  like 
the  underlying  strata,  where  they  abut  against  the  older 
rocks.  V.  Groddeck,  to  whose  book  I  am  principally  in- 
debted for  the  notice  of  the  Harz  rocks  just  given,  states 
(p.  152)  that  the  flat-lying  Senonian  rocks  have  been  found 
in  a  railway  cutting,  through  the  Petersburg  (to  the  E.  of 
Goslar),  to  rest  unconformaUy  on  the  upturned  edges  of  the 
Planer,  as  is  shown  on  Sections  3  and  4. 

The  western  Senonian  strata  of  this  district  are  chiefly 
marls  and  limestone  conglomerates,  but  towards  the  east 
along  with  these  rocks  a  great  series  of  sandstones  comes  on 


228  Proceedings  of  the  Royal  Physical  Society, 

— the  so-called  Quadersandstone — which  forms  the  pictur- 
esque line  of  cKfifs  called  the  Teufelsmaner  near  Thale  and 
Blankenburg. 

The  Senonian  rocks  have  a  rich  fauna.  A  few  of  the  principal 
species  are  Siphonia  punctata,  S,  ficus,  Galerites  elongatus, 
Ter,  camea,  Janira  qiLadricostata,  Lima  Hoperi,  Spondylvs 
striatus ;  Inoc,  Cuvieri,  digitatus,  lobatus  ;  Nautilus  Icevigatus, 
Belemnitella  quadrata.  Pentacrinites  nodulosus;  Ostrea  flabel- 
liformis;  Exogyra  auricularis;  Gidaris  clavigera;  Holaster 
granulosus ;  Rhynch,  ala,  pisum. 

4.  Tertiary  and  Pleistocene. 

i.  Oligocene. 

The  Eocene  group  is  not  represented  in  Germany,  and  the 
Brown  coal,  clay,  and  sand  beds  of  the  Oligocene  series  are 
everywhere  found  resting  unconformably  on  the  Upper 
Cretaceous  rocks. 

The  Brown  coal  of  Germany  is  principally  of  Oligocene 
age,  but  occurs  at  a  few  localities  among  the  overlying 
Miocene  strata.  Patches  of  brown  coal  are  found  in  hoUows 
in  the  surface  of  the  Secondary  rocks  around  the  Harz,  e.g,,  at 
Thale  and  Blankenburg,  at  Eiestedt,  near  Eisleben,  etc.,  and 
a  small  bed  of  brown  coal  has  been  found  on  the  palaeozoic 
rocks  of  the  Lower  Harz  at  Elbingerode.^  The  brown  coals 
of  the  Harz  are  almost  entirely  composed  of  stems  of  Taodtes 
Ayckii  and  Taxoxylon  Gopperti?  The  beds  are  very  lenticular 
and  generally  of  small  superficial  extent,  but  at  some  parts 
of  Germany  they  reach  a  thickness  of  over  100  feet.  They 
are  associated  with  beds  of  fine  clay,  sand,  and  quartz  pebbles. 
The  latter  are  smooth  and  glossy,  and  have  a  well-marked 
individuality,  so  that  they  can  always  be  recognised  when 
associated  with  other  rocks. 

The  Brown  Coal  of  Germany  was  deposited  in  isolated 
lakes  or  ponds,  and  is  not  of  terrestrial  origin  like  most  of 
the  Carboniferous  coal  seams.  It  also  differs  from  the  palaeo- 
zoic coals  in  being  composed  of  wood  and  not  of  bark  or 

^  Zeitsch.  der  deutsch.  geol.  Gesellschaft,  xxiz.,  p.  202. 
'  Credner,  Elemente  der  Geologie,  4te  Auflage,  p.  643. 
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spores.  In  the  Dorothea  Mine  at  Clausthal,  an  ancient  level 
was  opened  some  years  ago,  in  which  the  pine  timbering, 
which  had  been  imprisoned  for  about  400  years,  was  found 
converted  into  true  brown  coal,  specimens  of  which  may  be 
seen  in  the  Oberbergamts  Museum  there.  The  case  is  inter- 
esting, as  it  proves  that  under  requisite  conditions  of  pressure, 
warmth,  and  moisture,  brown  coal  may  be  formed  at  a  com- 
paratively rapid  rate. 

k.  Drift  and  Loss. 

The  Oligocene  beds  are  covered  by  great  sheets  of  drift 
(Diluvium)  which  extends  over  immense  areas  in  the  north 
of  Germany,  and  consists  of  clays,  sands,  and  gravels,  of 
local  or  Scandinavian  origin. 

Erratics  are  abundant  in  the  diluvium,  and  are  found  scat- 
tered over  the  western  part  of  the  Lower  Harz,  along  with 
the  so-called  "  Brown  Coal  Quartzite  "  pebbles.  They  have 
not  been  found  on  the  eastern  Harz  ;  and  the  bounding  lino 
which  crosses  the  range  between  Stolberg  and  Gernrode  is 
taken  as  the  western  limit  of  the  Great  European  ice  cap 
during  the  period  of  maximum  glaciation.^ 

Traces  of  glaciers  are  said  to  have  been  found  in  some  of 
the  valleys  of  the  Harz.^  Moraines  have  been  described  as 
occurring  in  the  Oderthal,  a  deep  glen  which  rises  in 
the  plateau  between  the  Bruchberg  and  the  Brocken  at 
a  height  of  2500  ft.,  and  runs  southwards  past  Andreasberg 
to  the  border  of  the  district  at  Lauterberg.  The  moraines 
are,  however,  far  from  distinct,  and  may  ultimately  turn 
out  to  be  portions  of  old  river  terraces  rounded  off  by 
subaerial  erosion. 

The  much  debated  Loss  occurs  along  the  south-eastern 
flanks  of  the  Harz  near  Nordhausen  and  on  the  Kyfifhauser 
near  Kelbra.  It  is  regarded  by  Dr  J.  Geikie  as  the  flood 
loam  laid  down  by  the  vast  inundations  that  took  place 
during  the  melting  of  the  great  glaciers.^    The  "-^lian 

^  See  map  of  the  Ice  Sheet  appended  to  Professor  J.  6eikie*s  recent  Work, 
**  Prehistoric  Europe." 

•  E.  Kayser,  Verhandl.  d.  Gesellsch.  f.  Erdkunde  Zu  Berlin,  3  Decemb. 
1881 ;  also  E.  A.  Lossen,  Zeit.  d.  d.  geol.  6es.,  zzziii.,  1881,  p.  708. 

>  Great  Ice  Age,  2d  edit,  p.  550. 
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theory "  of  Von  Eichthofen  may,  however,  be  applicable 
alao  in  cases  where  the  Loss  occurs  at  levela  which  rivers 
could  hardly  reach. 

It  is  fine  yellowish  sandy  or  calcareous  loam  full  of  little 
twigs  and  rotten  sticks.  It  is  often  totally  unstratified,  and 
bears  very  little  resemblance  to  an  aqueous  deposit.  Here 
and  there  stray  pebbles  and  small  patches  of  sand  or  gravel 
occur,  and  on  a  more  careful  search  minute  shells  are  to  be 
found  in  abundance.  These  are  terrestrial  or  lacustrine  in 
character,  and  bespeak  a  moist  soil  and  mild  cHmate,  Some 
of  the  chief  species  are  Succinm  oblonga.  Helix  Mspida,  H. 
serieea,  H.  pulchella,  Pii/pa  Tnusconiivi,  Ackatina  accicuia. 
Small  marly  concretions  are  found  in  the  Loss  which  have 
often  grotesque  forms,  and  are  named  Losskindel,  Lossmann- 
chen,  etc.  (loss  babies,  manniMns),  by  the  German  peasants, 
who  see  in  them  a  fanciful  resemblance  to  new-born  repre- 
sentatives of  genus  homo. 

The  newest  deposit  is  the  alluvium,  which  is  carried  down 
from  the  Harz  and  spread  in  vast  quantities  along  the  banks 
of  the  rivers  as  they  debouch  on  the  plains,  where,  losing 
speed,  they  are  obhged  to  relinquish  the  spoils  they  have 
plundered  from  the  higher  regions. 

5.  Massive  Kocks  of  the  Harz. 

In  noticing  these  rocks  it  will  be  most  convenient  to  follow 
the  order  adopted  by  Lossen,  and  divide  them  according  to 
their  geological  ages  into  the  following  groups ; 

a.  Pregranitio  Eruptive  Rocks, 

(      Michaelstem, 

!  Granite  and  oranitite,  araphibole  granite, 
quartz  sud  angite  dierite,  gabbro  and 
enstatite  rocka^arsantiteofLautentlial. 
i  Quartz   porphyry,   orthoclase  porphyry, 
porphyrite  and  basalt  (nielaphyre)  of 

a.  Pregranitic  Eruptive  Rockg. 

Diabase. — This  is  the  most  widely  distributed  volcanic 

rock  of  the  Harz,  and  occurs  as  interbedded  and  iutrusive 
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sheets  and  bosses  in  the  Devonian  and  Hercynian  series, 
both  on  the  Upper  and  Lower  Harz.  There  are  two  varieties, 
one  of  which  is  compact  and  the  other  granular.  The 
granular  diabase,  or  diabase  gabbro,  as  it  is  sometimes  called, 
is  a  crystalline  mixture  of  labradorite  and  augite  or  diallage 
with  magnetite,  titaniferous  iron,  and  apatite,  and  is  coloured 
green  by  a  chloritic  decomposition  product.  The  fine-grained 
or  compact  variety  has  the  same  constituents,  but  is  often 
characterised  by  the  development  of  chlorite  and  calcite  in 
spherules,  when  it  is  known  as  "  Blatterstein."  The  plagioclase 
is  occasionally  porphyritically  developed  in  crystals  half  an 
inch  in  length,  when  the  rock  passes  into  a  diabase-  or 
labradorite-porphyrite. 

The  diabase  of  the  stringocejphalus  horizon,  both  on  the 
Upper  and  Lower  Harz,  is  associated  with  much  pale  green 
or  bluish  fine-grained  tuff  or  schalstein.  A  very  good  section 
of  the  diabase  and  tuff  beds  of  the  Upper  Harz  is  exposed  in 
the  bed  of  a  small  stream  which  runs  into  the  Hutthal  about 
3J  kilos  S.E.  from  Clausthal,  The  volcanic  beds  have  also 
been  cut  through  in  making  the  road  between  Clausthal  and 
Lerbach,  but  the  section  is  now  becoming  rather  obscured. 

Orthodase  porphyry  ^  or  Syenite  porphyry  occurs,  according 
to  Lessen,  as  interbedded  sheets  along  with  the  diabase  of 
the  Elbingerode  basin.  It  has  a  fine-grained  or  compact 
ground-mass,  with  large  crystals  of  felspar  in  Carlsbad  twins, 
which  has  been  ascertained  to  be  of  the  variety  named 
microperthite. 

Kersantite  ^  or  Micadiorite  was  discovered  by  Lessen  at 
Michaelstein  a  short  distance  westward  from  Blankenburg. 
Its  relations  to  the  surrounding  rocks  are  obscure,  but  Lessen 
has  placed  it  in  the  group  of  pregranitic  eruptive  rocks. 

It  is  characterised  by  abundance  of  plates  of  biaxial  mica 
not  exceeding  1  or  2  mm.  in  diameter,  and  contains  much 
orthoclase  and  plagioclase.  Lessen  considers  the  ground-mass 
to  be  orthoclase.  Phlogopite,  apatite,  rutite,  garnet,  cyanite, 
sillimanite,  and    zirkon    are    accessory  ingredients.      The 

^Lossen,  Zeitschr.   der  deutsch.  geol.  Ges.,  Bd.  xxxii,  1881,  p.  175; 
xxxiv.,  1882,  p.  199. 
>  Lossen,  Jahrb.  d.  k.  preuss.  Landesanstalt,  1880,  p.  22. 


232  Proceedings  of  tlie  Eoyal  Physical  Society. 

kersantite  of  Michaelstein  contains  64-25  per  cent,  of  SiO, 
and  16-09  Alfi,. 

b.  Granitic  and  Belated  Eruptive  Rocks, 
More  recently  von  Groddeck  has  described  another 
occtirrence  of  kersantite  at  Lautenthal  on  the  Upper  Harz.' 
The  rock  occurs  here  as  a  well-marked  dyke,  which  runs 
southwards  through  the  Culm  greywackes  from  the  edge  of 
the  Palieozoic  series  at  a  point  a  short  distance  westward  from 
Langelsheim.  It  has  a  length  of  about  5J  milea  (8  kilo.),  and 
is  continually  shifted  in  a  lateral  direction  by  a  series  of 
faults  so  as  to  resemble  on  the  map  a  flight  of  irregular  steps. 
This  kersantite  has  the  peculiarity  of  having  a  percentage  of 
Bilica,  which  varies  between  46  and  63'6,  and  is  nearly 
inversely  proportional  to  quantity  of  carbonates  contained 
in  the  rock.  The  fact  of  the  dyke  traversing  the  Culm  strata, 
and  being  cut  by  the  faults  which  intersect  them,  leads  me 
to  class  it  along  with  the  members  of  the  granitic  group 
which  bear  the  same  relation  to  the  surrounding  rocks. 

Granite  occurs  at  three  places  as  intrusive  boaaea — (1.) 
Brocken,  (2.)  Ea  nib  erg,  (3.)  between  the  Ockerthal  and 
Eadauthal,  and  at  each  locality  is  similar  in  composition. 
It  consists  of  reddish  orthoclase,  greenish  oligoclase,  quartz, 
and  black  mica.  White  mica  does  not  occur  in  the  Brocken 
granite,  and  only  sparingly  at  the  other  places.  Tourmaline 
is  found  as  an  accessory  ingredient  in  considerable  quantities 
along  with  other  minerals.  The  granite  sends  out  veins  or 
apophyses  into  the  adjacent  rock  at  many  places.  One  of 
these  runs  from  the  granite  of  the  Eamberg  westwards 
through  the  Bodetbal,  and  has  been  found  by  Lessen  to 
possess  a  granitoid  centre  with  porphyry  sides,  which  show  a 
true  glassy  base.  The  edges  of  the  granite  at  Andreasherg 
and  elsewhere  show  a  passage  into  porphyry  due  to  the  more 
rapid  cooling  at  the  line  of  contact  with  the  sedimentary 
rocks. 

Amphibole  granite,  quartz  dioriie,  augUe  diorite,  etc.,  occur 
on  the  east  side  of  the  Brocken,  at  the  edge  of  the  granite 
near  Schierke — the  most  inaccessible  comer  of  the  Harz. 
1  Jahrb.  d.  k.  preoB.  Landesaiutalt,  1882,  p,  es. 
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Ghxhbro  and  Ploffiodase-enstcUite  rocks  are  found  in  great 
masses  between  the  granite  of  the  Brocken  and  that  of  the 
OckerthaL  In  the  Eadauthal  above  Harzburg,  the  gabbro 
is  largely  quarried  for  road  metal  It  is  there  made  up  of 
labradorite,  hypersthene,  and  diallage,  with  titaniferous  iron, 
magnetic  pyrites,  quartz,  biotite,  etc.,  as  accessory  con- 
stituents. Veins  of  graphic  granite  traverse  the  gabbro  at 
places,  and  gabbro  veins  traverse  the  granite  of  the  Eckerthal 
above  Harzburg,  showing  both  rocks  to  be  contemporaneous. 

Plagiodase-enstatiU  rocks  occur  in  the  gabbro  in  thin 
isolated  zones,  running  from  S.W.  to  KE.  They  consist, 
when  fresh,  of  anorthite,  enstatite,  and  occasionally  olivine, 
and  can  be  arranged  in  a  series,  at  one  end  of  which  the  rock 
is  made  up  almost  entirely  of  anorthite,  and  at  the  other  of 
enstatite.  The  olivine  varieties  have  sometimes  taken  up 
water  and  become  serpentinised,  while  the  enstatite  crystals 
remain  entire,  and  give  the  rock  a  peculiar,  semi-metallic, 
lustrous  appearance.  This  variety  of  Schillerfels  has  been 
named  lastite,  from  the  Baste,  a  place  in  the  forest,  near  the 
top  of  theBadauthal, where  it  is  found  in  considerable  quantity. 

e.  Postgranitic  Eruptive  Rocks. 

Qimrtz-porphyry  occurs  in  dykes  and  interbedded  sheets  in 
the  Eothliegendes  at  Lauterberg.  The  dykes  have  a  grey 
to  reddish  brown  ground-mass  enveloping  large  orthoclase, 
quartz,  mica,  and  pinite  crystals,  while  the  sheets  have  few 
crystals,  and  weather  in  platey  fragments  like  shales. 

The  quartz-porphyry  of  the  Auerberg,  near  Stolberg,  is  a 
great  "  stock  "  or  boss,  with  cream-coloured,  grey,  or  greenish 
ground-mass,  and  abundance  of  quartz  dihexahedra — the  so- 
called  Stolberg  diamonds — which  are  very  characteristic  of 
the  rock.  Externally  this  rock  resembles  the  quartz-porphyry 
from  the  coulee  of  South  Corriegills,  Arran,  which  is  also  full 
of  double  pyramids  of  quartz.  The  Arran  rock  is,  however, 
much  darker  in  colour  than  any  of  the  Auerberg  quartz- 
porphyry  I  have  seen,  and  it  shows  fine  flow-lines  on 
weathered  faces.  The  quartz-porphyry  of  the  Auerberg 
shows  signs  of  incomplete  fusion  with  the  sedimentary  rocks 
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at  the  edges  of  the  mass,  and  send3  out  several  apophy. 
felaite,  which  are  of  a  yellowish  brown  tint,  and  to  the  naked 
eye  almost  undistinguishable  from  fine  sandstone. 

Orthoclase  porphyi-y — the  so-called  grey  porphyry  of  the 
Harz — occurs  in  a  series  of  dykes  crossing  the  Harz  be- 
tween Ilfeld  and  Wernigerode,  It  has  for  ingredients 
orthoclase,  oligoclase,  quartz,  a  dark  green  homMende-like 
mineral,  mica,  and  in  lesser  quantity,  graphite,  pinite,  and 
garnets. 

Basalt  dykes  run  parallel  with  these,  and  are  probably  con- 
nected with  the  interbedded.  basalts  of  the  Lower  Permian 
group  at  Ilfeld. 

The  term  basalt  seema  to  me  to  be  preferable  to  the 
old  word  mclaphyre,  which  is  in  general  use  in  Germany. 
There  is  really  no  petrographical  difierence  between  the  two 
rocks,  the  term  melaphyre  being  simply  used  as  a  synonym 
for  basalt  of  Palioozoic  age.  To  classify  rocks  on  chronological 
grounds  seems  to  he  a  false  principle.  Sandstone  is  surely 
sandstone,  and  limestone,  limestone,  whether  it  he  Palaozoic 
or  Pleistocene,  and  why  should  baaalt  not  always  he  called 
basalt  too,  so  long  as  it  is  really  the  same  petrographical 
Bpecies?  Speaking  from  the  point  of  view  of  a  geologist 
and  not  of  a  petrographer,  I  am  of  opinion  that  the  name 
"melaphyre"  should  either,  like  the  terms  "trap"  and  "green- 
stone," be  laid  on  the  shelf  or  else  be  used  in  an  altogether 
different  sense,  as  its  present  signification  can  only  be 
productive  of  uncertainty  and  ambiguity  in  geological 
investigation.^ 

Porpkyrite  occurs  at  Ilfeld  in  lai^e  interbedded  sheets 
overlying  the  basalt  of  the  Lower  Permian  series  just  de- 
scribed. It  has  a  brown,  reddish  grey,  or  greenish  ground- 
mass,  with  decomposed  porphyritic  crystals  of  pl^oclase  and 
hornblende,  and  more  rarely  ironglance  and  garnet.  The 
microscope  ehows  the  ground-mass  to  consist  of  orthoclase, 
pl^oclase,  a  little  hornblende,  quartz,  magnetite,  apatite, 
and  occasionally  graphite  and  titaniferous  iron. 

'  Compare  Zirkal,  Mit.  Beschaff,  p.  411 ;  Rosanboach,  Mik.  Phya.  iler 
muBsigen  Gesteiue,  p.  3E>2 ;  A.  Oeikie,  Text-book,  p.  146. 
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6.  Metamorphic  Eocks. 
a.  Contact  Metamorphism. 

The  granites  and  the  intrusive  diabases  of  the  Lower  Harz 
are  snrrounded  by  a  fringe  of  more  or  less  highly  meta- 
morphosed strata.  The  contact  metamorphism  has  been 
carefolly  studied  by  various  investigators,  including  Lossen, 
who  has,  at  different  times,  given  elaborate  accounts  of  it 
in  the  "  Zeitschrift  der  deutschen  geologischen  Gtesellschaft." 
The  compact  diabases  which  generally  occur  in  large  beds 
are  accompanied  by  "green  shales"  (griine  Schiefer),  t.e., 
micaceous  chloritic  shales  with  hematite  scales,  quartz, 
granular  calcite,  plagioclase,  and  siskin  green  epidote,  either 
mixed  with  the  rock  or  in  strings  and  veins.  The  shales 
occur,  as  a  rule,  either  above  or  below  the  Hauptkieselschiefer, 
but  rarely  in  that  rock  itself.  Ferruginous  quartz,  probably 
a  decomposition  product  of  the  green  chloritic  mineral,  and 
of  the  red  ironstone  to  be  afterwards  noticed,  occur  along 
with  the  compact  diabases. 

The  green  shales  are  best  developed  in  a  band  surrounding 
the  diabase  patches,  between  Stiege  and  Bodishayn,  a  village 
situated  about  5  kilometers  S.W.  from  Stolberg. 

The  contact  rocks  of  the  granular  diabase  gabbro  are  quite 
different  from  the  green  shales  just  described  as  occurring 
around  the  compact  diabase.  They  are  essentially  divisible 
into  two  groups  (1.)  Kieselschiefer,  (2.)  "Band-"  and 
"ileckschiefer"  or  "  Desmosit "  and  "  Spilosit." 

(1.)  These  siliceous  shales  really  belong  to  a  totally  dif- 
ferent family  from  the  true  kieselschiefer,  whose  acquaint- 
ance we  have  already  made.  They  are  intensely  hard,  have 
a  flat  conchoidal  fracture,  are  very  compact  and  splintery, 
and  generally  grey  in  colour,  but  are  sometimes  banded, 
and  although  very  difficult  to  fuse,  can,  by  a  good  blast,  be 
converted  into  a  whitish  slaggy  enamel.  They  have  been 
classed  as  halleflinta  by  Naumann,  of  whose  nomenclature 
Lessen  approves.  The  adinoles  which  occur  at  Lerbach  on 
the  Upper  Harz  are  quite  analogous  to  the  halleflintas — 
indeed,  with  the  exception  of  the  greater  fusibility  of  the 
former,  there  appears  to  be  no  difference  between  them.   The 
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adinolea  at  Lerbach  occur  between  the  Kieselachiefer  in  close 
proximity  to  the  contemporaneoua  diabase  and  tuff  beds  in- 
tercalated with  the  Devonian  and  Culm  at  that  locality. 

(2.)  The  other  facies  of  contact  metamorphiam  is  developed 
chiefly  to  the  north  of  the  central  axis,  whUe  the  variety  just 
described  occura  on  the  opposite  aide.  It  is  characteristically 
developed  on  the  river  Lupbode  below  Allrode,  and  on  the 
Eapbode  between  Eiibeland  and  Hasselfelde,  where  the 
diabases  are  girdled  by  zonea  of  "  SpUosit"  and  "  Deamosit." 
The  former  ia  a  finely  foliated  schist  with  small  spota  of 
darker  colour  and  undefined  edges.  The  latter,  inatead  of 
being  spotted,  has  a  banded  structore,  but  ia  essentially  the 
same  rock. 

The  sedimentary  rocks  snrrounding  the  granitic  masses 
are  much  more  highly  metamorphosed.  They  are  converted 
into  homfels — a  comprehensive  term,  including  a  variety  of 
rocks  which  have  been  hardened  and  altered  into  a  tough 
homy  mass.  Heated  water  in  trying  to  escape  from  before 
the  rising  mass  of  molten  rock  below,  appears  to  have  played 
an  important  part  in  the  alteration  of  the  sedimentary  strata. 
The  greywackes  and  clayslates  contain  an  abnormal  quantity 
of  silica,  and  many  foreign  minerals,  including  garnets, 
actinolite,  cordierite,  mica,  vesuvianite,  and  tourmaline, 
have,  by  the  same  agency,  been  formed  in  the  altered  rock. 
A  schistose  or  gneissic  structure  ia  sometimes  to  be  found 
close  to  the  edge  of  the  granite  where  metamorphism  has 
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b.  Regional  Uetamorphism. 

The  Hercynian  rocks,  particularly  those  of  the  Wieder- 
schiefer  zone,  have  undergone  a  certain  amount  of  regional 
metamorphism  between  the  granite  masses  of  the  Brocken 
and  Eamberg ;  and  the  Lower  Devonian  along  a  line  running 
S.W.  from  the  neighbourhood  of  Hettstedt,  and  parallel  to 
the  boundary  of  the  Palteozoic  series. 

The  metamorphism  has,  according  to  Losseu,  been  propor- 
tional to  the  amount  of  folding  and  contortion  the  strata  have 
undei^ne.  Between  the  granite  masses  a  peculiar  rock 
named  Parphyroid  is  developed  in  considerable  quantity.     It 
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is  a  foliated  rock  with  crystalline  grains  of  quartz  and  felspar 
resembling  felsite  when  the  foliation  is  subordinate,  and 
passing  into  sericite  when  the  porphyroidal  crystals  are 
subordinate  and  the  foliation  predominant.  The  felspar  is 
either  orthoclase  or  albite.  There  are  also  semicrystalline 
sericitic  grey wackes,  sericite  schists,  green  ferruginous  silici- 
fied  shales,  clayslates,  and  veins  and  geodes  of  amorphous 
quartz,  with  disseminated  barytes,  ironglance,  and  albite 
showing  the  characteristic  triclinic  striation.  In  addition 
to  these  minerals  beds  of  shale  containing  crystals  of 
karpholite  occur  in  the  S.E.  metamorphic  zone.  The  sericite 
is  a  compact  mass  of  minute  muscovite  scales  with  usually 
a  faint  green  colour,  and  bearing  a  strong  resemblance  to 
talc,  from  which,  however,  it  can  easily  be  distinguished  by 
aid  of  the  blowpipe. 

7.  Metalliferous  Deposits  of  the  Harz.^ 

a.  Contemporaneoas. 

Devonian, — (1.)  The  famous  copper  and  lead  deposit  of  the 
Eammelsberg,  near  Goslar,  has  now  been  proved  to  be  a  set 
of  great  lenticular  beds  of  ore  in  the  Upper  Devonian  Goslar 
shale  group,  which  is  here  inverted,  and  thus  seems  to 
underlie  the  Spirifer  Sandstone  which  forms  the  top  of  the 
hill.  The  beds  in  which  the  deposit  lies  are  inclined  at  a 
high  angle,  and  it  is  not  surprising  that  its  true  nature  was 
for  long  an  object  of  keen  discussion.  The  fact  that  it  is  not 
a  vein  is  proved  in  two  ways. 

1.  The  deposit  is  not  symmetrically  formed  with  regard  to 
its  hanging  and  foot  walls  as  veins  usually  are,  but  consists 
of  the  following  series : — 

e.  Fine-grained  mixture  of  galena,  zincblende,  iron  pyrites,  and  barytes 

next  hanging  waU. 
b.  LaminsB  of  pyrites  and  galena,  "melirte  Erze.'' 
a.  Copper  and  iron  pyrites,  with  some  arsenical  pyrites  resting  on  pjrritoua 

shale  of  foot  wall. 

2.  There  is  perfect  conformability  between  the  rock  and 

^  General  descriptions  of  the  various  ore  deposits  of  the  Harz  are  given 
incidentally  by  von  Groddeck  in  his  admirable  work,  **Die  Lehre  von  den 
Lagerstatten  derErze,"  Leipzig,  1879. 
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the  ore,  the  latter  partaking  of  all  the  crumplinga  the  rock 
has  undergone,  and  no  evidence  of  a  fault,  fissure,  or 
previously  existing  cavity,  in  which  the  ore  could  have  been 
deposited,  is  to  he  found. 

The  Eammelsberg  has  a  height  above  the  sea  of  2076  feet 
f633  m.},  and  is  seen  from  Goslar  as  a  hold  rounded  moun- 
tain mass  which  overlooks  the  plain  from  an  altitude  of 
about  1200  feet  The  summit  ia  clothed  with  pines,  but  the 
bare  front  of  the  hill  is  covered  with  long  slopes  of  debris 
from  the  mouths  of  the  shafts  and  levels  inside.  The  lower 
half  of  the  hill  consists  of  the  Groslar  shale  series  which  dips 
S,K  at  40°  to  55° ;  higher  up  comes  a  thin  bed  of  calceola 
shales  which  are  covered  by  the  Spirifer  Sandstone,  of 
which  the  top  of  the  hiU  is  composed.  The  ore  deposit 
lias  been  disclosed  to  a  depth  of  nearly  1000  feet,  and  a 
longitudinal  distance  of  1400  yards.  It  sometimes  reaches 
a  thickness  of  about  65  feet,  but  at  one  place  it  sends 
off  a  bag-like  branch  produced  apparently  by  the  intense 
lateral  pressiire  buckling  together  a  part  of  the  deposit, 
and  here  it  has  a  breadth  of  100  feet.  (See  Section 
No.  5.) 

The  copper  ore  of  the  Eammelsberg  has  been  mined  since 
the  year  968  or  972,  and  was  supposed  to  be  nearly  ex- 
hausted some  years  ago  when  a  new  portion  of  the  deposit 
was  found,  which  is  now  being  vigorously  worked.  The  old 
workings  contain  a  great  many  secondary  minerals,  being 
formed  from  the  decomposition  of  the  pyrites.'  These  in- 
clude (1.)  Green  Vitriol  (FeSO,  +  7  H,0)  to  which  are  related 
Botryogen,  Eoemerite.Voltaite,  Misy  {copeapiteor  coquimbite), 
Glockerite  or  Vitriolochre;  (2.)  Blue  Vitriol  (CuSO,  +  5  H^O) ; 
(3.)  White  Vitriol  (ZnSO^  +  7  HjO);  (4.)  Gypsum  (CaS04  + 
2  H,0);  (6.)  Halotrichite  or  Haarsalz  (Al,Oj  3  SOg+ 18  H^O). 
When  I  visited  the  mine  I  was  taken  to  a  part  of  the  old 

'  See  different  accounts  of  the  Bammelaberg  ore  deposit,  ' '  BShmer  Bergm. 
Journ.,"  17B3;  Eeichetzer,  AnL  zar  Geogn.  u.  Oebirgsk,  1812,  p.  284; 
ZimmeriDuin,  Das  Hu^eb.,  I,  Th,,  1824,  p.  318;  Hansmana,  UeberdieBiid. 
des  Harzgeb.,  1842,  p.  133  ;  Lossen,  Zeit.  d.  d.  geoL  Ges.,  xxxviii.,  1876, 
p.  777;  Wimniar,  Zeitaeh.  fiir  Berg-,  HQtten-,  u.  Salinien-Wesen,  xi»,, 
1877,  p.  lie  ;  Edhler,  Ibid.,  zu.,  1882,  pp.  31  and  278. 
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workings  coated  over  with  stalactic  crusts  of  these  beautiful 
minerals,  and  was  nearly  stifled  with  the  heat  produced  by  the 
decomposition  going  on. 

(2.)  Eed  ironstone  of  Elbingerode.  Between  the  diabase 
tuff  and  clayslates  of  the  Middle  Devonian  rocks  in  the 
Elbingerode  basin,  there  is  a  lenticular  deposit  of  nearly  100 
feet  thick,  and  disclosed  to  a  length  of  4  kilos,  consisting  of 
siliceous  and  calcareous  haematite  (FCjOg),  spathic  ironstone 
(FeCOj),  and  some  magnetic  iron  ore  (FCgO^).  Another  deposit 
of  calcareous  ironstone  occurs  entirely  embedded  in  the  tuff. 
It  is  mined  chiefly  at  Lerbach,  between  Clausthal  and 
Osterode.  Eed  ironstone  also  occurs  on  the  Upper  Harz, 
along  with  the  diabase  and  tuff  on  the  same  horizon.  It  is 
very  siliceous  at  places,  and  occurs  along  with  small 
quantities  of  spathic  ironstone. 

Permian, — (3.)  The  celebrated  Kupferschiefer  of  Mansfeld 
has  already  been  alluded  to.  It  is  simply  a  bituminous 
shale  bed,  with  an  average  thickness  of  18  inches,  contain- 
ing little  particles  of  the  following  ores: — copper  pyrites, 
erubescite,  iron  pyrites,  galena,  silverglance,  zincblende, 
kupfernickel,  and  smaltine.  The  middle  of  the  seam  is 
by  far  the  richest  part,  and  has  a  peculiar  appearance,  which 
make^  it  easily  recognisable  by  those  who  work  it.  The 
shale  contains  a  fish  fauna  represented  almost  exclu- 
sively by  the  single  species  PcUceonisctcs  Freieslebeni. 
Platysomus  occurs  rarely  in  this  district.  The  seam  is 
much  faulted  at  places,  and  in  the  irregular  fissures  thus 
formed  veins  of  various  silver,  copper,  cobalt,  and  nickel 
ores  are  found,  occasionally  in  workable  quantity.  These 
deposits  are  evidently  derived  from  the  solution  of  minerals 
in  the  seam. 

The  following  analyses  show  the  composition  of  the  shale 
at  different  parts  of  the  basin.^ 

^  An  elaborate  account  of  tbe  mines,  statistics,  and  geology  of  the  Mansfeld 
district  was.  published  in  1881,  entitled,  "Der  Mansfeld  Kupferschiefer 
Bergbau,"  from  which  these  analyses  are  taken. 
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Zn.,  Pb.,  Mc,  Ni.,  k  Co.  not  det^rmuied. 
Jurassic. — (4.)  At  Harzburg  four  beds  of  fossiliferoua 
oolitic  brown  ironBtone  (Fe^Oj  H^O)  occur  in  the  Ammonites 
Bucklandi  beda  of  the  Lower  Lias,  which  is  here  inverted  at 
an  angle  of  60°.  They  have  an  aggregate  thickness  of  13J 
feet,  and  are  mined  for  the  ironworks  of  Harzburg. 

b.  Sabseqaent  Deposits. 

A.  In  massive  rocks.  (1.)  At  Zorge  there  are  veins  of 
htematite  in  the  diabase  which  rarely  pass  out  into  the  sur- 
rounding Kieselschiefer  and  greywacke.  The  ore  is  accompa- 
nied by  quartz,  brownspar,  calcspar,  etc,  and  is  evidently 
derived  from  the  surrounding  rocks  out  of  which  the  iron 
has  been  partially  dissolved  and  redeposited  in  the  fissures. 

(2.)  The  Permian  porphyrites  of  Ilfeld  are  traversed  by 
small  veins  of  Manganese  ores — Manganite  (MnaOa  +  HjO), 
Pyrolusite  (MnO,),  Varvicite  {Mn.Oj-t-HjO),  Braunite 
(MujOj),  Hausmannite  (MugOJ,  Psilomelan  and  Wad, 
These  are  accompanied  by  barytea,  calcite,  brownspar 
(Ca.  Mg.  Fe.)  CO,,  and  occasionally  manganese  spar  (MnCOj). 
On  passing  downwards  the  veins  become  poor,  and  usually 
disappear  at  a  depth  of  5  or  6  fathoms. 

B.  In  stratified  rocks.^~{Z).  The  great  ore  deposits  of  the 
Harz  are  the  veins  of  Clausthal  and  St  Andreasberg  which 
have  been  mined  for  the  last  six  centuries.     The  Clausthal 

'  3e<m  on  section  No.  1. 

>  9i  Kilo.  N.N.E.  of  Emat. 

■  The  Clmiathal  veina  are  dwcribed  is  detail  by  tod  Groddeck  in  "  Zeit. 
d.  d.  geoL  Gles.,"  vol.  iriii,,  1866,  pp.  698-778  ;  and  xiix.,  1877,  p.  440  ; 
and  those  of  St  ^ndreaabeTg  b;  U.  Credner,  vol  xvii.,  18SG,  pp.  163-231. 
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mines  have  now  reached  a  depth  of  400  fathoms,  and  the  ore 
shows  no  signs  of  disappearing.  Those  of  St  Andreasberg 
are,  however,  nearly  exhausted,  and  although  considerably 
deeper  than  the  Clausthal  workings  there  is  little  hope  for 
their  future  productiveness. 

The  Clausthal  veins  contain  argentiferous  galena,  blende, 
and  copper  pyrites,  with  spathic  iron,  calcspar,  quartz  and 
barytes  as  veinstones.  Quartz  and  spathic  iron  occur  in  all 
the  veins  of  the  Clausthal  plateau,  but  it  is  a  curious  fact 
that  calcspar  is  only  found  in  the  area  to  the  N.E.  of  the 
Innerste  valley,  while  barytes  is  confined  to  the  veins  tra- 
versing the  south-western  and  western  portions  of  the 
district 

The  veins  are  all  in  fault  fissures  which  run  E.  and  W. 
through  the  Culm  strata,  and  usually  hade  to  south.  In 
some  cases  the  downthrow  exceeds  100  fathoms.  The  ore  is 
distributed  in  the  veins  in  various  ways.  It  is  usually  in 
diagonal  bands  (Erzfalle),  which  slope  towards  the  west,  but 
occasionally  occurs  in  columns  or  vertical  ribs  running  paral- 
lel to  the  direction  of  hade.  Besides  the  minerals  just  men- 
tioned the  veins  contain  smaller  quantities  of  such  minerals 
as  dolomite  or  pearlspar,  iron  pyrites,  marcasite,fahlerz  or  grey- 
copper,  bouruonite,  heteromorphite,  etc.  The  ores  are  usually 
richest  where  two  of  the  larger  veins  meet  and  merge  into 
one  another.  They  sometimes  reach  a  thickness  of  130  ft., 
and  generally  contain  a  considerable  quantity  of  fault  breccia 
made  up  of  fragments  of  the  adjacent  greywackes  and  shales. 
The  foot  wall  is,  as  a  rule,  sharply  defined  from  the  vein, 
but  the  hanging  wall  is  usually  shattered  and  rough,  so  that 
the  exact  thickness  of  the  vein  cannot  always  be  accurately 
stated. 

The  Andreasberg  veins  are  almost  all  situated  within  an 

area  resembling  a  very  obtuse  isosceles  triangle  with  a  base 

about  4  kilos  in  length.    Two  sides  of  the  triangle  are  barren 

fault  fissures  (faule  Euscheln),  full  of  fragments  of  clayslate 

and  shale,  with  a  southerly  hade,  and  a  breadth  sometimes 

reaching  200  feet.    None  of  the  silver  veins  pass  out  of  the 

area  thus  enclosed.     All  the  outsiders  are  base,  containing 

only  copper  pyrites  and  ironstone. 
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The  silver  veins  are  very  thin,  seldom  exceeding  half  a 
yard  in  thickness.  They  run  in  two  directions,  speaking 
roughly.  The  first  set  consisting  of  several  veins  has  an 
average  strike  of  E.  60°  S.,  and  a  steep  hade  to  N.E,,  while  the 
two  veins  of  the  second  system  run  approximately  E.  15°  S., 
and  hade  to  N.  at  an  angle  of  G0°  to  85°. 

In  the  network  of  veins  thus  formed  are  found  tlie  many 
rare  and  valuable  minerals  for  which  Andreasherg  has  so  long 
been  famous.  The  silver  veins  are  filled  chiefly  with  turbid 
■white  calcspar  containing  grains,  strings,  and  nests  of  quaiiz, 
and  occasionally  iluor,  while  splendid  dmsy  cavities  with 
crystallised  calcite  and  zeolites  are  often  disclosed.  Galena, 
blende,  native  arsenic,  ruby  silver  (AgjSbS,),  antimony, 
silver,  arsenic  silver,  silvei^lance  (AgjS),  speisscobalt 
(amaitine),  breithanptite  (Ni  Sb),  and  kupfernickel  (Ni  As), 
are  some  of  the  more  valuable  metallic  minerals  from  the 
Andreasherg  veins. 

(4.)  The  great  Devonian  limestone  boss  of  the  Iberg  and 
Winterberg  at  Grund  is  at  places  quite  honeycombed  with 
fissures  and  cavities,  some  of  which  contain  spathic  ironstone 
in  workable  quantities.  The  carbonate  is  often  decomposed 
into  brown  ironstone,  and  is  accompanied  by  quartz,  calcite, 
barytes,  malachite,  and  wad,  Barytes  is  absent  where  the 
ironstone  is  richest.  The  limestone  ia  also  traversed  by  an 
argentiferous  galena  vein  containing  copper  pyrites,  spathic 
iron,  calcspar,  etc. 

IV.    GEOLOGICAL    STKUCTUEE    AND    HISTORY 
OF    THE    HAEZ    MOUNTAINS. 

1.  Older  Pal*x)zoic  Period. 
The  Hercynian,  Devonian,  and  Lower  Carboniferous  forma- 
tions of  the  Harz  form  a  continuous  aeries,  in  which  there 
are,  so  far  as  ia  known,  no  cases  of  unconformahility  to 
indicate  any  very  great  changes  in  the  physical  conditions 
under  which  they  were  deposited.  The  differences  in  texture 
show  them  to  have  been  deposited  in  water  of  variable  depth, 
but  which  never  became  veiy  shallow  till  towards  the  end  of 
the  Culm  period. 
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The  oldest  rocks  are  greywackes  of  moderately  coarse  grain, 
then  come  the  clayslates,  calcareous  and  siliceous  beds  of 
the  Wiederschiefer  group,  which  are  covered  by  the  sandstones 
andnj^uartzites  at  the  base  of  the  Devonian  series.  Next 
comes  a  series  of  shales,  greywackes,  and  occasional  lime- 
stone beds,  ending  in  the  great  Upper  Devonian  limestone 
mass  of  the  Iberg  and  Winterberg  at  Grund.  The  overlying 
Culm  measures  begin  with  shales  and  pass  into  greywacke, 
the  highest  beds  of  which  are  very  coarse  and  conglomeratic. 

There  must  thus  have  been  a  gradual  shallowing  of  the 
sea  and  an  approach  to  land  in  this  area  towards  the  close  of 
the  Lower  Carboniferous  age.  The  remains  of  land  plants  in 
the  Culm  tell  the  same  tale,  as  they  are  foimd  in  greatest 
abundance  in  the  higher  beds  but  scarcely  ever  occur  in  the 
underlying  shales 

The  ancient  land  from  which  the  components  of  the  Culm 
are  derived  was  probably  a  metamorphic  clayslate  area  with 
many  beds  of  splintery  quartzite,  and  pierced  by  dykes  and 
bosses  of  granite  and  quartz-porphyry,  whose  fragments  now 
make  up  the  conglomerate  at  the  top  of  the  series.  In  Silesia 
and  sometimes  in  Thuringia  the  pebbles  in  the  Culm  grey- 
wackes can  be  traced  to  old  rocks  in  the  neighbourhood,  but 
the  parent  rock  of  the  Harz  pebbles  is  neither  to  be  found  on 
older  parts  of  the  Harz  itself  nor  in  any  of  the  surrounding 
ranges,  nor  are  the  pebbles  ever  again  seen  in  the  newer 
conglomerates  which  flank  the  hills.  There  must  therefore 
Jiave  been  a  complete  submergence  of  this  part  of  the  old 
continent  during  the  Coal-measure  period.  It  then  became 
covered  up,  and  has  not  again  been  exposed  by  denudation. 
The  very  same  kinds  of  pebbles  as  are  found  in  the  conglome- 
rate of  Grund  occur  also  in  the  Culm  conglomerate  of  Wal- 
deck,  haKway  between  the  Harz  Mountains  and  Bonn  on  the 
Bhine,  so  that  it  is  not  improbable  the  shore  of  the  sunken 
district  may  have  extended  westwards  in  that  direction.^ 

2.  Paleozoic  Volcanic  Action. 
Lossen's  map  shows  abundant  patches  of  diabase  distributed 

*  Vide  V.  Groddeck,  Jahrb.  d.  k.  pr.  geoL  Landesanst,  1882,  pp.  66,  66  ; 
also  E.  Eayser,  Nenes  Jahrb.,  1884,  footnote,  p.  95.  ^ 
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over  many  parts  of  the  Harz.  Some  of  it  is  distinctly  inter- 
bedded  with  the  Devonian  rocks,  hut  it  is  equally  certiiia 
that  perhaps  mucli  more  is  intrusive,  and  hence  of  later  date 
than  the  strata  immediately  surrounding  it.  There  can,  how- 
ever, be  little  doubt  that  it  is  all  older  than  the  granite,  and 
has  either  been  poured  out  over  the  surface  or  injected  into 
the  underlying  beds  at  some  part  of  the  Devonian  or  Lower 
Carboniferous  period. 

A,  Interbedded  Diabases. — Diahaae  of  unmistakable  sub- 
aerial  origin  occurs  at  two  placea  on  the  Harz  intersti'atified 
with  Middle  Devonian  "  Stringocephalua  beds."  (1.)  It 
stretches  in  a  long  narrow  hand  ("  Diabaszug  ")  from  Oaterode 
north-eastwards  to  Altenau,  where  it  thins  out  and  seems  to 
disappear.  It  is  here  highly  inclined,  and,  dipping  to  the 
south-east,  rests  on  a  thin  band  of  Goslar  ahalea,  against  which 
the  Culm  greywacke  appears  to  have  been  brought  down  by 
a  fault.  (2.)  The  other  interbedded  diabase  occupies  a  well 
defined  area  in  the  Elbingerode  basin,  about  13  kilos  in 
length  from  east  to  west,  and  5  kilos  in  breadth.  Both 
volcanic  rocka  are  associated  with  beds  of  tuff  (ScLaJstein) 
and  workable  hsematite,  and  ai'c  slaggy  and  ainygdaloidal  on 
their  upper  surfaces.  The  strata  below  these  diabases  are 
but  sightly,  if  at  all,  altered,  and  there  appears  to  be  no  sign 
of  metamorphism  in  the  fossiliferous  shales  and  tuff  beda 
between  the  different  sheets. 

B.  Intrusive  Diabases. — The  other  diabases  are  divided  by 
Lessen  into  two  classes — (1.)  Diabase  in  the  Hetcynian  and 
Lower  Devonian  formations,  and  (2.)  that  in  the  Goslar  shales 
and  Culm. 

(1.)  The  diabase  in  the  Hercynian  beds  of  the  Lower  Harz 
occurs  in  a  great  multitude  of  patches  of  different  size.  The 
largest  of  these  is  at  St  Andreasherg,  where  it  reaches  a  length 
of  about  6J  kilos.  The  patches  are  generally,  however,  of 
small  size,  and  occur  in  groups  at  particular  places,  e.g.,  in 
the  district  to  the  north  and  east  of  Harzgerode,  around 
Treseburg  on  the  Bodethal,  and  in  the  district  south  of 
Wemigerode.  At  all  these  localities  it  is  marked  on  the 
map  as  lying  within  the  area  of  the  Wiederschiefer,  and 
indeed  it  is  found  so  often  in  or  near  the  same  position  that 


Oeology  of  the  Harz  Mountains  24c5 

the  horizon  has  been  named  the  "zone  of  the  granular 
diabases."  This  fact  might  lead  to  the  supposition  that  they 
are  interbedded  sheets,  but  the  evidence  seems  to  point  to 
their  haying  never  reached  the  surface,  but  having  been 
injected  into  the  sedimentary  strata  either  as  stock-Uke 
bosses  or  else  as  sheets  nearly  coincident  with  the  bedding 
planes.  In  this  latter  respect  they  may  resemble  the  great 
Whin  Sill  of  Northumberland,  which  was  once  believed  to 
be  a  true  interbedded  rock  because  it  remains  for  considerable 
distances  in  the  same  geological  position.^  A  still  better 
example  might  be  cited  in  the  great  diabase  sheet  which 
extends  from  the  East  Neuk  of  Fife  westwards  through  the 
Lomonds  and  Cleish  Hills,  then  reappears  in  the  Abbey 
Craig  at  Stirling,  and  continues  on  to  Kilsyth,  always 
remaining  on  the  horizon  of  the  Hurlet  or  "  Carboniferous  *' 
Limestone.  The  distance  between  the  east  end  of  Fife  and 
Kilsyth  is  over  50  miles — equal  to  the  whole  length  of  the 
Harz — and  the  Geological  Survey  have  ascertained  that  the 
diabase  throughout  its  whole  extent  is  a  distinctly  intrusive 
sheet. 

The  facts  which  point  to  the  intrusive  character  of  these 
diabases  are  as  follows : 

1.  TFarU  of  Continuity, — Had  all  the  little  spots  of  diabase 
been  parts  of  great  interbedded  sheets  they  would  have  had 
a  more  or  less  continuous  outcrop  like  the  contemporaneous 
diabases  of  Elbingerode  or  the  Upper  Harz. 

2.  Absence  of  Tuff. — There  is  no  tuff  associated  with  any 
of  these  diabases  as  there  is  with  the  others,  as  well  as  with 
the  Permian  volcanic  rocks  at  Ilfeld  and  Mansfeld.  The 
absence  of  tuff — always  a  sure  indication  of  subaerial  origin 
— is,  however,  only  of  significant  and  not  of  vital  import. 

3.  Contact  Metamorphism. — The  intense  alteration  in  the 
sedimentary  rocks  surrounding  most  of  these  diabases  is 
direct  proof  of  their  intrusive  character.  Lava  streams  pro- 
duce in  general  very  little  alteration  even  on  the  beds  over 
which  they  flow.     Lyell  tells  of  a  lava  stream  on  Etna 

'  See  paper  by  Messrs  Topley  and  Lebour  "  On  the  Intrusive  Character  of  the 
Whin  Sill  of  Northumberland  "  (Quart.  Joum.  Geol.  Soc,  vol.  xxxiii.,  1877, 
p.  406). 
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beneath  which  a  mass  of  ice,  instead  of  being  melted,  baa 
been  kept  imprisoned  by  the  overflowing  molten  mass ;  and 
a  case  has  been  observed  in  the  coalfield  of  Borrowstounnesa^ 
on  the  Forth,  18  miles  west  of  Edinbm'gh,  in  which  a  coal 
seam,  9^  feet  in  thickness,  was  found  in  a  perfectly  unaltered 
condition  between  two  sheets  of  contemporaneous  carboni- 
ferous basalt,  the  overlying  one  having  a  thickness  of  138 
feet.  The  heat  required  to  produce  the  contact  meta- 
raorphism  around  the  Harz  diabases  must  have  been  much 
greater  than  that  afl'orded  by  a  contemporaneous  lava,  which 
would  cool  comparatively  fast,  and  give  off  the  greater  part 
of  its  heat  to  the  surrounding  air  or  water.  An  intrusive 
rock  would,  on  the  other  hand,  remain  hot  for  a  very  much 
longer  period,  and  could  only  part  with  its  heat  through  the 
surrounding  rock,  an  equal  quantity  being  given  off  on  all 
Hides.  Some  of  the  spots  of  diabase  may  be  sections  of  necks 
or  pipes  up  which  molten  matter  continued  to  rise  till  it 
reached  a  height  at  which  the  superincumbent  weight  of 
rock  was  small  enough  to  allow  the  diabase  to  spread  out 
laterally  in  the  form  of  a  so-called  "laccolite."  The  altera- 
tion produced  around  such  a  canal  would  necessarily  be 
much  greater  than  that  in  the  neighbourhood  of  a  simple 
dyke  or  stock,  as  the  continuous  welling  up  of  molten  matter 
would  keep  the  temperature  of  the  sides  of  the  pipe  at  a 
great  height  till  the  current  began  to  slacken  and  the  diabase 
magma  to  solidify. 

4.  UnconformabUity  of  the  diabase  which  is  to  be  seen  at 
many  places  also  proves  that  the  rock  is  intrusive  and  not 
contemporaneous.  It  is  to  be  seen,  for  example,  in  the 
cutting  at  the  side  of  the  road  leading  down  the  west  side  of 
the  Bodethal  immediately  below  Treseburg.  The  clayslates 
in  that  section  are  completely  cut  across  by  the  diabase, 
which  has  sometimes  caught  up  portions  of  the  sedimentary 
strata  in  a  way  which  clearly  establishes  its  intrusive 
character.  The  diabase  at  Magdespning  on  the  Selke, 
N.N.W.  of  Harzgerode,  is  also  discordant,  but  not  in  such  a 
marked  degree  as  at  Treseburg.     The  contact  metamorphism 

■  H.  M.  Cttdell,  The  Volcanic  Boclts  of  Borrowstoimneas  Coalfield  (Trans. 
Geol.  Soc.,  Edinb.,  vat.  iii.,  I8S0). 
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has  been  very  intense  at  that  locality^  and  in  addition  to 
altered  slates  several  new  minerals,  including  actinolite  and 
axinite,  have  been  originated.  Contact  metamorphism  is  also 
developed  around  the  granular  diabase  at  St  Andreasberg, 
and  Gredner's  description  of  its  geometrical  relations  as  dis- 
closed by  mining  distinctly  shows  it  to  be  intrusive. 

5.  A  smooth  contact  surface  between  the  two  rocks  is  of 
itself  almost  sufficient  to  establish  the  intrusive  character  of 
the  diabase.  A  lava  stream  has  rough  and  slaggy  upper  and 
under  surfaces,  and  not  smooth  and  sharply  defined  bounding 
planes  like  those  seen  at  many  places  between  the  diabase 
and  the  sedimentary  rocks.  The  mere  conformability  of  a 
massive  rock  to  the  strata  surrounding  it  is  not  necessarily 
a  proof  of  its  contemporaneity  unless  the  upper  and  under 
edges  be  rough  and  scohaceous  like  those  of  a  true  lava 
stream. 

The  same  considerations  apply  generally  to  the  diabases 
which  abound  among  the  Lower  Devonian  rocks  in  the 
southern  parts  of  the  Harz,  and  extend  from  Stiege,  east- 
wards past  Benneckenstein  to  the  vicinity  of  Sachsa,  and 
southwards  to  the  border  of  the  range  near  Eodishayn.  There 
is  here  no  tuff,  the  surrounding  rocks  are  metamorphosed  into 
the  green  shales  described  above,  and  what  is  still  more  con- 
clusive, the  diabase  patches  are  shown  on  the  map  to  cross 
from  one  horizon  to  another  without  regarding  the  strike  of 
the  sedimentary  strata. 

(2.)  The  diabase  in  the  Goslar  shales  of  the  Upper  Harz 
occurs  chiefly  in  isolated  patches  on  the  hills  between  Gos- 
lar and  the  valley  of  the  Innerste.  It  appears  protruding 
through  the  soil  at  several  places,  and  forms  an  oval  cap  to 
the  Steinberg,  a  hill  which  overlooks  Goslar  from  the  west, 
and  has  a  height  of  about  1450  ft.  There  can  be  little  doubt 
that  all  the  diabase  in  this  district  is  also  intrusive,  as  it  does 
not  conform  to  the  strike  of  the  shales,  but  rises  irregularly 
through  them.  A  fine  section  is  exposed  in  a  newly  made 
cutting  for  a  forest  road  along  the  western  side  of  the  Konigs- 
berg,  which  forms  the  south-western  shoulder  of  the  Steinberg. 
The  section  is  at  a  bend  in  the  road  near  the  top  of  the  hill, 
which  commands  a  fine  view  over  the  wooded  valley  between 
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tlie  Lutje  Berg  and  the  Kordberg.  For  a  distance  of  about 
100  yards,  the  ahalea  which  dip  S.E.  at  about  30°  ato  cut 
across  and  sometiioea  completely  surrounded  by  the  diabase, 
dykes  and  stock-like  masses  of  which  rise  vertically  or 
diagonally  through  them,  sendiug  out  "  apophysen "  and 
hardening  the  strata  at  the  contact  edges. 

The  accompanying  sketch  section  (Fig.  1)  shows  the  re- 
lation of  the  diabase  to  the  shales  at  one  of  the  most  charac- 
teristic parts  of  the  exposure.  Murchison  and  Sedgwick  also 
give  a  section  in  which  the  diabase  is  seen  rising  vertically 
throngh  the  shales  of  the  Nordberg.  The  shales  are  shghtly 
inclined,  and  are  here  as  on  some  parts  of  the  Steinberg 
cleaved  and  converted  into  good  roofing  slates,  which  are 
largely  quarried  at  different  places  round  the  base  of  the 
hills. 

Another  section  of  intrusive  diabase  is  seen  at  the  Teufels 
Ecke  in  the  Innerste  Valley  below  Lautenthal,  at  a  point 
where  the  road  has  been  cut  into  the  Upper  Devonian 
Kramenzelkalk  beds  to  make  room  for  the  railway.  The 
diabase  is  here  very  pyritoua  and  weathers  brown  with  a 
yellow  efllorescence.  It  runs  through  the  Devonian  beds  in 
veins  whose  presence  can  sometimes  only  be  detected  on 
careful  inspection,  as  they  are  often  not  more  than  one  or 
two  inches  in  thickness.  The  whole  section  is  about  20 
yards  in  length. 

The  last  case  of  intrusive  diabase  to  be  noticed  is  at  the 
locality  already  referred  to  about  Z\  kilos  S.E.  from  Clausthal, 
where  a  good  section  of  the  overlying  contemporaneous 
diabase  is  exposed  in  a  stream  entering  the  Hutthal.  At  the 
top  of  this  tributary  vaUey  diabase  veins  are  seen  rising 
through  the  Goslar  shales,  which  are  here,  as  on  the  Konigs- 
berg,  exposed  in  a  small  roadside  cutting,  and  are  inclined  at 
a  high  angle.  At  some  parts  of  the  section  the  massive  rock 
is  ia  veins  parallel  to  the  bedding  of  the  shales,  but  at  others 
it  is  distinctly  unconformable,  and  hardens  the  shales  through 
which  it  passes.  In  all  cases  the  edges  are  quite  sharp,  and 
not  rough  or  slaggy. 

It  is  probable  that  these  diabases  were  irregularly  injected 
into  the  underlying  rocks,  at  the  same  time  that  the  others 
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were  being  poured  out  over  the  surface  as  subaerial  sheets, 
and,  like  the  intrusive  bosses  and  sheets  of  diabase  piercing 
the  Lower  Carboniferous  rocks  round  Edinburgh,  they  may 
fairlj  be  considered  to  belong  to  the  same  period  of  volcanic 
activity  as  the  interbedded  masses  above.^ 

3.  First  Upheaval  of  the  Habz. 

The  rocks  forming  the  core  of  the  mountains  were,  as  we 
have  seen,  deposited  without  upheavals  or  other  interruption, 
from  the  basement  of  the  Devonian  to  the  top  of  the  Culm 
measures.  The  area  in  which  the  Culm  was  deposited 
gradually  approached  the  old  coast-line  and  the  water  became 
shallow,  but  deposition  was  at  last  arrested  by  a  vast  disturb- 
ance which  affected  the  whole  region,  and  threw  the  newly 
fonned  rocks  into  a  series  of  sharply  folded  troughs  and 
arches. 

The  same  disturbance  appears  to  have  folded  the  older 
rocks  of  the  Ehenish  provinces  which  strike  in  a  similar 
direction,  i,e,,  N.E.  or  N.E.  by  E.  This  is  the  general  strike 
of  the  rocks  of  the  Upper  Harz,  which  are  most  intensely 
folded  to  the  east  of  Clausthal,  but  towards  the  west  the 
undulations  flatten  out  until  between  Seesen  and  Langel- 
sheim  the  beds  become  nearly  horizontal. 

The  strike  of  the  Hercynian  rocks  of  the  Lower  Harz  is 
less  uniform.  These  form,  as  shown  on  the  map,  an  anticline 
which  trends  normally  from  Herzberg  through  the  granite  of 
the  Brocken  to  Wernigerode.  A  second  anticline  extends 
from  Lauterberg  north-eastwards  to  Andreasberg,  then  swings 
round  and  runs  eastwards  past  Hasselfelde  to  the  neighbour- 
hood of  Harzgerode,  where  it  bends  northwards,  and  passes 
out  of  the  palaeozoic  area  at  Gemrode. 

4.  Irruption  of  the  Granite. 
The  great  changes  just  described  were  followed  by  the 

^  I  should  not  have  gone  into  such  detail  over  this  point  had  there  not  been 
reason  to  suppose  that  some  of  the  really  intrusive  diabases  are  regarded 
as  being  interbedded  by  several  writers  on  the  Harz.  Kayser,  e,g.,  in  his 
valuable  and  interesting  paper  on  the  system  of  faults  around  Andreasberg, 
asserts  that  the  diabases  of  that  district  ''  are  not  dyke  or  stock-like  masses 
but — ^like  aU  Harz  diabases — interbedded  sheets  [eruptive  Lager]," 
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irruption  of  a  huge  mass  of  granite,  after  the  rocks  bad 
received  their  present  north-easterly  strike,  since  there  is  no 
distinct  evidence  of  the  main  features  of  the  atiike  having 
been  produced  by  this  intrusion.  The  granite  at  some  places 
cuts  right  across  the  upturned  edges  of  the  Culm  and  Devonian 
strEtta  without  producing  any  deviation  in  their  trend. 

The  granite  of  the  Brockea  was  regarded  aa  the  founda- 
tion of  the  geological  series  by  the  older  geologists  of  the 
Wemerian  schooL  When  Murcliison  first  visited  the  Hatz 
in  1829  he  was  surprised  to  find,  that  instead  of  being  the 
oldest,  the  granite  was  the  latest  of  the  core  rocks  through 
which  it  had  been  forced.  He  also  subsequently  reduced 
the  so-called  "  Transition  aeries  "  of  the  Harz  to  order,  show- 
ing that  much  of  the  supposed  very  ancient  greywacke  waa 
of  no  greater  antiquity  than  the  Culm  measures  of  Devon, 
and  that  many  of  the  slatey  rooks  belonged  to  the  under- 
lying formation  which  he  had  just  named  "  Devonian." 

5.  Denddation  of  the  AHcffiNT  Haez. 
After  the  first  upheaval,  denudation  began  its  work,  and 
the  proibicts  of  erosion  were  carried  away  and  deposited 
in  the  nearest  sea  bottom.  KoUed  pieces  of  the  Hercynian 
rocks  are  found  in  the  Coal-measure  and  Permian  deposits 
on  the  flanks  of  the  Harz,  but  why  is  granite,  which  has 
such  a  prominent  place  among  the  rocks  of  the  Harz,  con- 
spicuous by  its  absence  from  these  deposits  ?  Was  it  per- 
haps injected  at  a  much  later  date  than  that  of  the  deposi- 
tion of  the  border  rocks  ?  We  shall  see.  The  Upper  Harz 
metallic  veins  are  in  lai^e  fault  fissures  which  were  formed 
after  the  rocks  were  folded.  These  veins  run  out  to  the 
edge  of  the  old  formations,  and  disappear  under  the  Zechstein 
which  rests  unconformably  on  the  core  rocks,  and  also  cuts 
off  the  veins  abruptly,  showing  that  the  fissures  were  formed 
and  subjected  to  atmospheric  erosion  before  the  Upper 
Permian  period.  Quartz-porphyry  dykes  are  known  to  run 
throi^h  the  core  rocks  in  the  neighbourhood  of  Lauterberg, 
and  are  probably  connected  with  the  interbedded  quartz- 
porphyiies  of  the  RothHegendes  at  that  locality.  They  run 
sometimes  along   fissures  parallel  to  these  just  referred  to. 
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and  as  there  is  reason  to  suppose  that  all  the  fissures  running 
parallel  to  the  present  edge  of  the  Harz  are  of  the  same  age, 
it  follows  that  these  fissures  were  in  existence  before  the 
quartz-porphyries  of  the  Eothliegendes  period  were  erupted. 
The  fissures  must  thus  be  of  Carboniferous  age,  as  they  were 
formed  between  the  great  Upheaval  and  the  Permian  period.^ 
They  cross  the  Clausthal  plateau  from  west  to  east,  and 
although  not  known  to  be  quite  continuous,  are  represented 
by  the  system  of  fault  veins  which  Kayser  has  traced  across 
the  Bruchberg  to  the  Andreasberg  district  These  faults  all 
cut  through  the  granite  wherever  it  comes  in  their  way,  and 
thus  prove  conclusively  that  it  too  is  of  Carboniferous  age. 
The  granite  must  have  been  quite  hard  and  crystalline 
when  the  faulting  took  place,  otherwise  the  fissures  could  not 
have  remained  open  for  the  passage  of  metallic  solutions. 

The  absence  of  granite  fragments  from  the  Carboniferous 
and  Permian  conglomerates  is  probably  due  to  the  fact  that 
the  granite  masses  at  that  time  lay  buried  underneath  sedi- 
mentary strata,  and  had  not  been  exposed  by  denudation 
when  the  whole  region  became  submerged. 

Fragments  of  the  Culm  rocks  are  also  unknown  in  the 
conglomerates  of  llfeld,  but  their  absence  is  no  proof  that  the 
Lower  Harz  was  never  covered  by  Lower  Carboniferous 
rocks.  The  highest  rocks  would  be  carried  off  first  and  de- 
posited in  the  deepest  parts  of  the  adjacent  sea  bed,  and  if 
Culm  strata  were  present  they  would  first  be  removed  from 
this  area.  The  eastern  portion,  if  not  the  whole  of  the 
ancient  Harz,  must  have  remained  above  sea-level  throughout 
the  greater  part  of  the  Coal-measure  period,  during  which  the 
Culm  may  have  been  completely  removed  and  laid  down, 
perhaps  at  a  great  distance  from  the  present  base  of  the 
mountains.  It  is  also  possible  that  the  Culm  may  not  have 
been  so  thick  in  the  eastern  area  as  on  the  Upper  Harz,  and 
may  have  been  eroded  away  comparatively  soon,  laying  bare 
the  underlying  Devonian  series,  the  greater  part  of  which 
was  also  denuded  off  before  the  Permian  period. 

The  preservation  of  the  Culm  of  the  Clausthal  plateau  is, 

^  E.  Kayser,  '*Ueber  die  Quarzporphyre  der  Gegend  von  Lauterberg  im 
Harz ''  (Jahrb.  d.  k.  pr.  Landesanst,  1880,  p.  45). 
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no  doubt,  doe  to  the  great  faults  by  which  it  has  probably 
been  thrown  down  below  the  plane  of  marine  denudation. 
The  Culm,  Middle  and  Upper  Devonian  beds  on  the  up- 
throw side,  with  an  aggregate  thickness  of  over  2500  ft.,  have 
at  places  been  completely  removed,  laying  bate  the  lowest 
part  of  the  Devonian  formation. 

Tlie  intrusive  diabases  of  the  Lower  Harz  may  have  been 
connected  with  volcanic  rocks  int«rbedded  with  strata  of 
Middle  or  Upper  Devonian  age  at  many  other  places  besides 
Elbingerode.  These  would  be  also  denuded  away  at  this 
period,  the  Elbingerode  beds  alone  being  left,  their  synclinal 
position  having  helped  to  preserve  them  from  snbaerial  erosion. 

C.  Newer  Pai^eozoic  Period. 

The  later  phases  of  the  great  Palasozoic  age  were  character- 
ised by  abundant  volcanic  action,  accompanied  by  several 
physical  changes  of  great  magnitude,  not  only  on  the  Harz, 
but  over  Britain  and  many  other  parts  of  Europe. 

During  the  earlier  part  of  the  Permian  period  there  were 
volcanoa  in  both  the  Mansfeld  and  the  Ilfeld  districts,  from 
which  stream.s  of  basalt  and  showers  of  tulf  were  emitted. 
The  basalt  eruptions  ceased  after  a  time  at  both  places,  and 
the  volcanic  products  were  washed  about  by  the  waves  and 
rearranged  along  the  sea  floor,  or  were  covered  up  by  sedi- 
mentary deposits.  At  Mansfeld  there  was  not  so  much 
volcanic  action  during  the  remainder  of  the  Eothliegendes 
period  as  at  Ilfeld,  where  great  sheets  of  porphyrite  were 
poured  forth,  till  they  had  reached  a  thickness  of  perhaps 
1000  ft.,  and  formed  a  bank  extending  upwards  almost  to 
the  base  of  the  Zechstein  series. 

A  slight  uncpnformability  is  sometimes  found  between  the 
Coal-measures  and  Permian  group,  but  at  many  places  in  the 
south-eastern  parts  of  the  Harz  there  is  evidence  of  a  marked 
geological  break  between  the  Eothliegendes  and  Zechstein 
formations.  There  is,  at  the  Pfaffenthalskopf  near  Lauterherg, 
a  patch  of  Eothliegendes,  lying  on  the  Hercynian  rocks  at  a 
height  of  about  1600  ft.,  and  consisting  of  red  jocks  inter- 
bedded  with  some  of  the  quartz-porphyry  before  alluded  to. 
At  a  lower  part  of  the  same  area  between  the  Pfaffenthala- 
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kopf  and  the  border  of  the  range,  outKers  of  Zechstein  are 
seen  resting  on  the  old  rocks  themselves  without  any  red 
rocks  between,  which  proves  that  the  Permian  strata  had 
here  been  elevated  and  subjected  to  cotisiderable  erosion  be- 
fore the  deposition  of  the  Zechstein.  The  case  in  which  the 
quartz-porphyry  dykes  run  along  Unes  of  fissure  in  the  Her- 
cynian  series  has  been  already  referred  to.  These  dykes,  as 
well  as  the  fissures,  are  abruptly  truncated  by  the  Zechstein 
at  several  places,  so  that  the  interbedded  volcanic  rocks  which 
were  probably  .connected  with  the  dykes  must  have  been 
completely  removed  before  the  Zechstein  began  to  form. 

Hercynian  pebbles  occur  in  the  Zechstein,  proving  that  the 
Harz  was  not  completely  submerged  at  the  close  of  the 
Eothliegendes  period.  During  that  long  period  of  subaerial 
denudation  the  great  series  of  red  rocks  at  Mansfeld  which 
sometimes  exceeds  3000  ft.  in  thickness  was  deposited.  It 
is,  however,  imlikely  that  the  whole  of  the  region  now  known 
as  the  Harz  remained  bare  up  to  the  Zechstein  period,  for  it 
is  probable  that  the  eastern  end  of  the  area  between  Mans- 
feld and  Ballenstedt  was  entirely  covered  by  the  red  rocks, 
outliers  of  which  have  been  left  at  Opperode  near  Ballen- 
stedt and  at  Biesenrode  near  Mansfeld. 

During  the  Eothliegendes  period  the  Harz  was  surrounded 
by  a  ferruginous  sea  in  which  there  was  little  life,  but 
when  the  Zechstein  age  began  an  abundant  fish  fauna  was 
introduced,  and  the  fine  mud  which  was  being  deposited  aU 
round  the  southern  part  of  the  district  became  mixed  with 
particles  of  bituminous  matter  from  the  decomposing  organ- 
isms in  the  water.  Small  quantities  of  metallic  matter 
carried  in  suspension  or  solution  were  reduced  and  acted  on 
by  the  hydrosulphuric  acid  and  other  gases  evolved  during 
the  decomposition,  and  were  deposited  along  with  the  bitu- 
minous matter  and  clay,  chiefly  as  sulphides  of  the  respective 
metals.  The  richest  part  of  the  shale  contains  about  3  per 
cent,  of  copper  and  y^  per  cent,  of  silver. 

Now,  the  question  suggests  itself,  where  did  these  metals 
come  from  ?  Salt  water  and  most  felspars  have  been  found 
to  contain  small  quantities  of  the  precious  metals,  and  when 
felspathic  rocks  are  eroded  away  their  metallic  ingredients 
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will  be  set  free,  and  loay,  under  requisite  conditions,  be 
precipitated  aa  sulpliides,  oxides,  or  carbonates  on  the  sea 
floor. 

There  is  one  contemporaneous  metallic  deposit  still  in 
existence  among  the  palieozoic  rocka  at  the  Eammelaberg, 
It  is  also  possible  there  may  have  been  others  now  com- 
pletely denuded  away  along  with  most  of  the  Devonian 
rocks  of  the  Lower  Harz,  and  the  Kupferachiefer  of  Mauafeld 
may  perhaps  be  partly  derived  from  their  destraction.  This 
is  only  a  suggestion  to  account  for  the  richness  of  the  deposit 
at  this  locahty.  The  seam  extends  over  a  very  wide  area, 
but  is  not  valuable  enough  to  work  on  the  western  flank  of 
the  Harz  at  Osterode,  as  it  contains  too  little  of  the  silver 
from  which  the  profits  are  made.  It  is  also  found  along 
the  borders  of  the  Thtiringer  Wald  under  the  same  con- 
ditions as  on  the  Harz,  so  that  over  the  great  area  between 
the  two  mountain  chains  there  must  have  been  a  large 
inland  basin  in  which  deposition  of  fine  sediment  could  go 
on  in  uninterrupted  tranquillity. 

7.  Mesozoic  Sfbmergenck 

The  Zechstein  is  separated  geologically  by  a  wide  gulf 
from  the  underlying  Eothliegendea  beds.  The  Upper  Zech- 
stein rocks  bespeak  a  great  change  in  the  conditions  of 
deposition  around  the  Harz.  The  land  gradually  sank  and 
became  completely  submerged,  as  no  more  pebbles  of  Palaeo- 
zoic rocks  are  found  in  any  of  the  overlying  formations  from 
the  Kupfeischiefer  upwards  to  the  Chalk. 

The  conditions  during  the  Meaozoic  ages  appear  to  have 
been  generally  tranquil  in  this  region,  and  the  various  for- 
mations to  have  been  laid  down  in  large  open  areas  in  which 
marine  forms  could  thrive  and  produce  limestones  and  fossili- 
ferous  shales  and  marls  without  disturbance  by  upheavals  or 
volcanic  eruptions. 

There  can  be  little  doubt  that  the  Harz  was  covered  by 
the  whole  of  the  Secondary  formations  up  to  perhaps  the 
middle  of  the  Cretaceous  system,  as  these  are  found,  both  on 
the  northern  and  on  the  southern  borders  of  the  range.  The 
Cretaceous  series,  so  abundant  along  the  northern  Harz  l)order. 
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does  not  occur  in  the  immediate  neighbourhood  of  the 
sonthem  flanks,  but  is  found  in  a  few  outliers  on  the  Ohm- 
gebirge  about  20  kilometres  S.  of  Herzberg,  which  proves  that 
it  once  extended  for  a  certain  distance  between  the  Harz  and 
Thuringer  Wald.  The  southern  region  has  been  elevated 
more  than  the  northern,  and  consequently  denudation  has 
there  proceeded  more  rapidly,  and  has  succeeded  in  carry- 
ing off  nearly  all  the  Cretaceous  and  a  large  part  of  the 
Tiiassic  formations. 

8.  Final  Upheaval  of  the  Harz  and  Kyffhauser. 

a.  The  Great  Faults. 

The  Mesozoic  formations  of  the  plain  are  abruptly  cut  off 
from  the  Palteozoic  core  rocks  by  an  irregular  line  extending 
along  the  northern  border  of  the  range  from  Langelsheim  to 
BaUenstedt  The  edges  of  the  newer  rocks  are  in  many 
places  turned  up,  curled  back,  and  inverted  at  an  angle  of 
60*  or  70°,  thus  appearing  to  dip  beneath  the  Palaeozoic  series. 

That  there  is  along  this  line  a  great  fault  is  proved  by  the 
following  evidence : — 

1.  TJie  abruptness  of  the  line  of  contact  and  steep  inclina- 
tion with  which  the  core  rocks  plunge  down  through  the 
Secondary  formations  of  the  plain.  Had  therfe  been  only  an 
unconformability  the  Palaeozoic  series  would  have  sloped 
gradually  away  below  the  overlapping  Secondary  rocks  as 
along  the  southern  Harz  border. 

2.  Concealment  of  the  lowest  beds, — The  Zechstein  occurs  as 
a  thin  band  between  Ballenstedt  and  Ilsenburg  at  the  very 
edge  of  the  core  rocks,  in  the  usual  inverted  position ;  but 
farther  west,  between  Harzburg  and  Langelsheim,  it  is  con- 
cealed or  **  nipped  out,"  and  the  old  rocks  are  bounded  by 
the  overlying  Bunter  sandstone.  There  is  good  reason  to 
suppose  that  the  Zechstein  is  present  here,  and  had  there 
been  an  unconformability  like  that  along  the  southern  edge 
of  the  Harz  it  would  have  been  clearly  exposed. 

3.  Intersection  of  Different  Horizons, — The  old  rocks  cut 
across  the  strike  of  the  Secondary  formations  from  Zechstein 
to  Cretaceous,  which  can  only  be  explained  by  a  fault. 
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4.  Inversion  of  Strata. — This  is  a  most  convincing  piece  of 
evidence  in  favour  of  a  powerful  fault.  A  similar  inversion 
occurs  along  the  fault  which  has  tilted  up  the  Edge  Coals  on 
the  west  side  of  the  Midlothian  Coalfield.  An  effective 
sketch  of  such  an  inversion  is  given  in  Geikie's  "  Text-book," 
fig.  252.1 

5.  Brine  springs  occurring  at  the  edge  of  the  Palaeozoic 
rocks  at  Harzbnrg  show  that  there  is  a  fissure  comnmnicating 
with  the  great  salt  bed  known  to  exist  below  the  Triftsaic 
rocka  of  the  plain. 

A  similar  fault  appears  to  hound  the  northern  edge  of  the 
Kyffhauser,  The  gneiss  on  which  the  red  Permian  beds 
forming  the  top  of  the  hill  are  seen  to  rest  has  apparently 
been  brought  up  against  the  Zechstein  and  Trias  in  the  way 
indicated  on  the  accompanying  section  (No.  2).  Neither  of 
these  faults  seems  to  have  been  noticed  by  previous  observers, 
as  no  indication  of  their  presence  is  given  on  any  geological 
map  which  I  have  seen. 

The  great  fault  of  the  Harz  appears  to  run  out  and  dis- 
appear towards  Langelsheim  ou  the  west.  The  unconform- 
ahility  of  the  Coal-measures  and  Permian  beds  upon  the 
upthrow  side  of  the  fault  near  Ballenstedt  (shown  on  section 
No.  1)  resembles  the  unconformability  of  the  Old  Eed  Sand- 
stone on  the  northern  side  of  the  great  Caledonian  fault 
between  Crieff  and  Cortachy  in  Forfarshire. 

The  horizontal  platform  of  Devonian  rocks  on  which  the 
newer  Pakeozoic  rocks  at  Ballenstedt  rest  is  seen  to  be  nearly 
on  a  level  with  the  flat  lying  Upper  Cretaceous  beds  of  the 
adjoining  plain.  The  amount  of  upthrow  of  the  fault  at  this 
locality  is  thus  equal  to  the  thickness  of  the  border  rocks 
from  the  base  of  the  Kothliegendes  to  the  middle  of  the 
Cretaceous  series.  The  red  Permian  rocks  of  Mansfeld  reach 
at  places  a  thickness  of  3300  feet,  but  it  is  probable  that 
only  a  part  of  the  series,  which  may  be  taken  at  1000 
feet,  extended  over  this  portion  of  the  Lower  Harz.  The 
thickness  of  the  Secondary  formations  is  variable,  espe- 
cially if  the  vast  triassic  salt  deposits  be  taken  into 
account  It  is  3000  or  4000  feet  along  the  northern  Hatz 
•  See  also  A.  Ooitie's  "  Field  Geology,"  chap.  i. 
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border^  but  to  avoid  exaggeration  let  us  say  2000  feet. 
The  great  fault  must  therefore  have  produced  at  this  locality 
a  relative  vertical  displacement  of  no  less  than  3000  feet 
— an  amount  probably  much  smaller  than  that  of  the  up- 
throw in  the  neighbourhood  of  Blankenburg,  Wemigerode, 
or  Ilsenburg,  where  the  maximum  effect  would  be  produced. 

b.  Character  of  the  Upheaval 

The  upheaval  which  gave  birth  to  the  Harz,  as  we  now 
know  it^  thus  took  place  very  simply.  During  the  earth 
movements  which  affected  Europe  at  the  close  of  the 
Secondary  period,  a  great  corrugation  of  this  part  of  the 
earth's  crust  took  place  along  lines  running  approximately 
W.N.W.  and  KS.E.,  as  shown  by  the  trend  of  the  Harz, 
Thiiringer  Wald,  and  other  ranges,  and  by  the  flexures  of  the 
Mesozoic  strata  in  the  plains  between  them. 

The  final  upheaval  of  the  Harz  was  a  process  of  quiet 
elevation  of  the  area  en  masse,  and  quite  different  in  character 
from  the  first  upheaval  in  the  Carboniferous  period.  The 
metallic  veins  formed  before  the  emergence  of  the  modern 
Harz  appear  to  have  remained  undisturbed  during  the  up- 
heaval, and  there  is  no  evidence  of  any  folding  or  relative 
shifting  of  the  core  rocks  having  accompanied  it.  The  last 
upheaving  •  force  here  acted  in  a  direction  nearly  at  right 
angles  to  that  of  the  first,  and  was  less  violent  in  the  local 
folding  it  produced,  but  was  felt  over  a  much  larger  part  of 
the  European  area. 

In  the  region  now  known  as  the  Harz  a  great  swelling  up 
of  the  earth's  crust  took  place.  A  line  of  weakness  running 
along  the  northern  side  of  the  district  gave  local  relief  to 
the  pressure  from  below,  and  allowed  the  whole  area  to  rise 
like  a  huge  trap  door  on  a  level  stage,  hinged  at  the  south, 
and  free  to  open  upwards  on  the  north.  The  Mesozoic  rocks 
on  the  south  side  of  the  dislocation  would  be  quietly  elevated 
on  the  back  of  the  Palaeozoic  mass  beneath.  On  the  north 
side  they  remained  stationary  or  sank  downwards,  but  were 
bent  up  and  curled  backwards  along  the  line  of  fracture  by 
a  pressure  like  that  produced  by  a  great  wedge  driven  up- 
wards from  below. 

VOL.  VIII.  R 
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A  fault,  however  powerful,  could  scarcely  have  produced 
an  inversion  to  the  extent  of  60°.  It  seems  prohable  that 
the  fault  only  tilted  the  beds  on  end,  and  pushing  them 
slightly  over  the  vertical,  left  gravitation  to  finish  the  inver- 
sion by  causing  them  to  sink  backwards  on  themselves  till 
they  came  to  rest  at  their  present  inclination.  The  inversion 
is  not  always  so  regular  as  the  accompanying  sections  indi- 
cate. In  an  excavation  to  the  W.  of  Goslar,  where  material 
for  a  railway  embankment  was  being  excavated  in  Sept. 
1882,  the  marls  and  Hmestone  beds  of  the  Kenper  and 
Muschelkalk  were  seen  bent  sharply  over  thus  <,  the  beds 
represented  by  the  upper  limb  of  the  figure  dipping  in 
towards  the  Harz  at  40°  to  60°,  and  those  below  dipping 
away  from  the  mountains  at  50°.  This  sharp  inversion  may 
have  been  produced  by  the  falling  back  of  the  beds  in  the 
way  indicated.  The  inverted  marls  were  at  places  much 
crushed  and  contorted. 

Murchison  was  inclined  to  consider  the  granite  as  the 
upheaving  agent,  but  from  what  has  been  said  it  will  be 
evident  that  the  granite  and  the  upheaval  can  have  had 
no  immediate  connection. 

9.  Denudation  and  Age  of  the  Modern  Harz. 
A.  Denudation. — The  fact  that  no  traces  of  the  Mesozoic 
rocks  are  to  be  found  on  the  Harz  is  no  proof  whatever  that 
they  did  not  once  completely  cover  that  area.  The  upheaval 
began  before  the  end  of  the  Cretaceous  period,  and  from  the 
time  of  the  Eocene  period  onwards  the  Harz  has  been  under 
the  action  of  subaerial  denudation.  We  have  in  Scotland 
abundant  evidence  of  vast  denudation  since  the  Miocene 
period.  The  country  has  received  its  present  configuration, 
the  valleys  have  been  scooped  out,  and  a  thickness  of  at  least 
2000  feet  must  have  been  removed  from  many  exposed  dis- 
tricts since  the  great  basalt  eruptions  of  the  Hebrides  ceased. 
The  rocks  of  the  Highland  area  ao  removed  are  chiefly  hard 
quartzites,  grits,  slates,  and  schists  of  various  kinds,  as  well 
as  the  massive  basalt  beds,  all  of  which  would  offer  a  far 
greater  resistance  to  the  eroding  forces  than  the  limestones, 
marls,  clays,  and  sands  of  the  Mesozoic  series.    If,  then,  the 


Geology  of  the  Harz  Mountains.  259 

denudation  of  the  Scottish  Highlands  has  been  so  great  since 
the  Miocene  period,  how  much  greater  must  have  been  the 
denudation  of  the  Harz  since  the  end  of  the  Cretaceotcs  period. 
There  has  been  abundance  of  time  for  the  removal,  not  only 
of  the  Secondary  formations  which  covered  most  of  the  Harz 
to  a  depth  of  perhaps  2000  or  3000  feet,  but  also  of  some  of  the 
underlying  core  rocks.  The  granite  of  the  Brocken  was  not 
laid  bare  when  the  final  submergence  took  place  as  we  have 
seen,  and  its  present  exposure  is  due  to  the  last  denudation 
subsequent  to  the  removal  of  the  Mesozoic  covering. 

The  fact  of  the  Senonian  rocks  rfesting  unconformably  on  the 
upturned  edges  of  the  Turonian  and  underlying  Jurassic  and 
Triassic  rocks  near  Goslar,  as  shown  on  section  No.  3,  proves 
that  the  final  upheaval  began  before  the  end  of  the  Cretaceous 
period.  The  inversion  must  have  accompanied  the  first 
stage  of  upheaval,  and  if  the  sections  are  correctly  inter- 
preted there  must  have  been  a  period  during  which  the 
upturned  and  shattered  strata  were  laid  bare  and  exposed 
to  subaerial  denudation  before  the  Senonian  beds  were  de- 
posited. Evidence  of  the  upheaval  and  denudation  of  Pre- 
cretaceous  Secondary  rocks  exists  at  other  parts  of  Germany. 
At  Peine,  in  Hanover,  for  example,  there  is  at  the  base  of 
the  Senonian  series  a  great  deposit  of  limonite  pebbles  con- 
taining Liassic  fossils.^  Precisely  similar  pebbles  occur  in 
the  Neocomian  "Hils  conglomerate"  along  the  northern  border 
of  the  Harz,  which  points  to  a  disturbance  having  occurred 
so  early  as  the  beginning  of  the  Cretaceous  period  at  this 
locality.  The  Senonian  series  contains,  in  addition  to  lime- 
stones and  marls,  limestone  conglomerates  in  the  district 
between  Harzburg  and  Langelsheim,  while  towards  the  east 
a  great  development  of  sandstone  takes  place.  Although  no 
Jurassic  fossils  have,  to  my  knowledge,  been  found  in  the 
Senonian  group  at  either  district,  it  seems  possible  that  these 
fragmental  beds  may  be  partly  derived  from  the  waste  of 
the  Secondary  formations  in  course  of  slow  elevation  along 
the  southern  side  of  the  dislocation.  The  upheaval  may  have 
gone  on  locally  and  irregularly  at  first,  but  seems  not  to 
have  been  great  enough  to  raise  the  Palaeozoic  rocks  above 

^  See  von  Groddeck,  "  Erzlagerstkttenlehre,"  pp.  265,  266. 
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aear-level  till  the  end  of  the  Senonian  period,  when  the  wkole 
sea  iJoor  was  laid  bare,  and  all  further  deposition  arrested. 

There  appears  to  be  no  evidence  of  post-cretaceoua  sub- 
mergence in  this  district,  and  it  is  difficult  to  determine  the^ 
date  at  which  the  upheaval  ceased.  The  most  important  re- 
presentative of  the  Tertiary  deposits  is  the  Ohgocene  Brown 
Coal  which  occurs  in  depressions  at  various  places  on  and 
around  the  Harz.  A  bed  of  workable  brown  coal,  50  feet  in 
thickness,  occupies  a  bay-like  hollow  in  the  core  rocks  im- 
mediately adjoining  the  line  of  fault  at  Wienrode  between 
Thale  and  Blankenburg.  The  coal  appears  to  cross  the  line 
of  dislocation,  and  rest  on  the  upturned  edges  of  the  Zech- 
stein  and  Red  Bunter  sandstone  in  a  way  which  seems 
clearly  to  show  that  the  upward  movement  had  entirely 
ceased  before  the  agencies  of  denudation  had  hollowed  out 
the    depression    subsequently   filled   up   by  the   vegetable 


^ 


10,  Eecapitulation. 

The  area  now  occupied  by  the  Harz  Mountains  was,  during 
the  Palaeozoic  period,  a  portion  of  the  gi'eat  sea  in  which  the 
Silurian,  Devonian,  and  Lower  Carboniferous  rocks  of  Central 
Europe  were  deposited.  The  alternating  greywackes,  sand- 
stones, shales,  and  limestones,  with  their  accompanying 
fossils,  indicate  changes  in  the  depth  and  condition  of  the 
water,  but  form  throughout  a  perfectly  conformable  series. 
Volcanic  action  was  vigorous  in  the  Devonian  period,  when 
diabases  and  tuff's  were  emitted  at  various  parts  of  the  area. 

Towards  the  close  of  the  Lower  Carboniferous  period  the 
sea  shallowed,  and  deposition  was  finally  arrested  by  the 
upheaval  of  the  new-made  rocks  which  were  thrown  into  a 
series  of  violent  folds,  with  a  general  N.E.  and  S.W.  trend. 
The  folding  was  followed  by  the  irruption  of  great  bosses  of 
granite,  after  which  the  region  was  dislocated  by  a  series  of 
powerful  faults  which  produced  the  fissures  now  filled  by 
the  metallic  veins  of  the  Upper  Harz.  The  faulting  took 
place  at  the  time  of  the  Upper  Coal  Measures,  and  the  up- 
heaved area  remained  exposed  to  sub  aerial  denudation 
throughout  the  remainder  of  the  Carboniferous  period.     The 
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products  of  erosion  were  deposited  in  the  adjacent  sea,  and 
are  found  in  the  Coal-meaeure  and  Lower  Permian  con- 
glomerates  which  overlap  the  borders  of  the  range.  Volcanic 
action  was  rife,  and  basalts,  porphyrites,  and  quartz-porphyries 
were  erupted  along  the  southern  flanks  of  the  district,  while 
the  old  palaeozoic  core  was  invaded  by  dykes  emanating  from 
the  volcanic  centres. 

The  volcanos  became  extinct,  and  submergence  began  at 
the  end  of  the  Lower  Permian  period.  The  highest  of  the 
shore  conglomerates  underlies  the  Kupferschiefer  seam  of 
Mansfeld,  which  was  deposited  at  the  beginning  of  the 
Zechstein  period,  in  a  great  inland  lake  extending  from  the 
Harz  southwards  to  the  base  of  the  Thiiringer  Wald  in 
Saxony.  The  area  remained  submerged  below  the  sea  in 
which  the  Triassic,  Jurassic,  and  Cretaceous  formations  of 
the  surrounding  plain  were  being  laid  down. 

Signs  of  earth  movement  began  to  appear  during  the 
Cretaceous  period.  The  sea-bed  was  thrown  into  undulations 
with  an  E.S.E.  and  W.KW.  trend,  and  the  Mesozoic  rocks 
were  rent  along  one  of  the  waves  by  a  great  fault,  on  the 
southern  side  of  which  the  rock  mass  of  the  Harz  was  up- 
heaved to  its  present  altitude.  A  seam  of  brown  coal  crosses 
the  line  of  fault  at  one  locality,,  proving  the  movement  to 
have  ceased  before  the  Oligocene  period. 

The  Harz  has  not  again  been  submerged,  but  was  probably 
partially  covered  by  a  portion  of  the  great  European  ice- 
sheet  during  the  period  of  maximum  glaciation.  The 
Secondary  formations,  under  which  it  was  deeply  buried 
when  the  upheaval  took  place,  have  long  ago  been  swept  off 
by  the  action  of  the  subaerial  denudation  to  which  the  Harz 
has  been  unceasingly  exposed  since  the  end  of  the  far-off 
Cretaceous  Age. 

V.  APPENDIX. 

A.   LiTERATUKE. 

The  literature  on  the  geology  of  the  Harz  is  very  extensive, 
and  it  is  impossible  to  do  more  than  notice  some  of  the  more 
important  works  and  papers  here.    A  tolerably  complete  list 
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may  be  found  in  von  Groddeck's  "Abriss  der  Geognoaie  des 
Harzefl,"  and  aeveral  of  the  less  important  papers  have  already- 
been  referred  to  in.  footnotes. 

GENtRAL   LirEtlATirHE. 

B,  Tertbra,  Erfahrnagen  vom  Innam  der  (labirge,    Deaaan  anil  Leipzig,  1785. 
LasiJis,  Beobachtuagen  Uber  die  Harsgebirge.     Hunnover,  1789. 
IVekakbsn,  Uometkuogau  iibot  don  Kara,     Leipzig,  1795. 
L.  V.  Budi,  Ueberden  Harz.     Leonhard  Taschenb.,  182*,  18  Jahrg.,  p.  471, 
K  So^awan,  TJeberaiolit  dec  Drograpbiaclien  u.  gcognoatiaeheD  Ferbidtnisae 

vom  nordvrestlicheii  DeutEChlaod.     Leipzig,  1830, 
Ch.  Zim/merinana,  Das  Harzgebirge.     Darmstadt,  1831. 
ffausjitann,  Ueber  die  Bildung  dta  Huragebirgca.     Gijttingen,  1842. 
Murchisoa  and  Stdgwick  on  the  Httri  (Trans,  Gool,  Soc,  2d  aeriea,  vol,  yL, 
1842,  p.  283),     MurchisoD  and  Morris  on  the  Palteozoic  and  tlieir  Aebo- 
oiatod  Bocka  of  the  Thiiringerwald  and  the  Harz  (Quart.  Joum,  Oeol. 
Soc.,  Tol.  ii.,  1865,  p,  408), 
F.  A.  EoenicT,  £iniga  Bemarkiingen  Qber  die geognostiache  Znsammenaetzan); 
des  Haraea  u.  dee  TliUringerwsldoa— Zeit.  d.  d.  g,  Ges, ,  Bd,  viii. ,  186B,  p.  IS. 
K.  A.  Loasat,  Uelier  dfin  Sohiohtenbait  des  Hnriaa — Z.  d,  d.  g.  G., 

187B,  p.   168 ;   Zuaammunhaiig   zwischen   Fallen,  Spalten  n.   EruptiV' 
gasteinen  im  Harz — Jahrb.  d.  k.  pr.  geol.  Landeaanet,,  1881,  p,  1. 
£,  Kaymr,  Ueber  daa  Spalteiisystcm  am  8,W. — Abfall  des  Brookenmaaaiva, 

Jihrbuch  d.  h.  pr,  gool.  Landcaanat,,  1881,  pp,  412-454. 
WMi  Oroddedc,  Abriss  der  Geognoaie  <\et  HatzM.     Claaatbal,  1883. 

Mips. 

C.   Prediger,   N,W.   Harzgeb,   mit  googn.  Colorirung  von   F.   A.   Koemer, 

Clausthal,   1851  ;  1 :  50,000 :  8  Blatter :  Clauathnl,  Wernigerode,  and 

Nordhansen  ;  alao  small  map  1 :  300,000  ;  geol.  colors  by  Koemer  and  A. 

Strong. 

E.  Beyrich,  Geogn.  Karte  d.   N.  Harzrandea  von  LangeUheim  bia  BlanheO' 

bui'g  1 :  10,000— Zeitsch.  d,  d.  g.  Ges.,  Bd.  iii,,  1851,  Taf  it, 
Oeologiiche  Karte  mm  Preusata  a.  den,  ThiiriTigischen  Staalen,  Mit,  erlantemdem 
Text,  Berlin,  1870,  1 :  £5,000,  Harz  sections  already  published  include 
Zorge,  Benneckenstein,  Hasselfolde,  EUricb,  Nordhanaen,  and  Stolberg. 
Sections  in  preparation  inrlude  Harzgerode,  Pausfelde,  Schwenda, 
Wippra,  Leimbach,  and  Mansfeld, 
K.  A.  Losseit,  Geognostiache  Ueheraicbtakarte  dea  Harzgehirges,  1 ;  100,000, 
pTeiiss.  geoloifische  LaiuiesansUtlt,  Hbhenschicbtenkarte  des 
1 !  100,000. 


Strati  GRAPHICAL  Fapebs. 
a.  Devonian  Bocks. 

F.  A.  Eoemer,  Versteiuer  d.  Harzg.,  1848. 

F.  A.  Bomner,  Beitrfige.Z,  Kanntn,  d.  N.W.  Haraea,  1850,  pp.  65,  63  ;  1852, 

p.   97;   1856,   p.    113;    1860,   p.   157;   Graptolitben  am  Harz,  Neuea 

Jahrbuch,  1855,  p.  640. 
C.  CHebel,  Die  siluriache  Fauna  des  Unterharzes.     Berlin,  185S. 
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E.  Beyrichf  varions  papers  in  Zeitsch.  d.  d.  geoL  Gesellsch.i  zviiLi  1866, 
p.  16  ;  xix.,  1867,  p.  247  ;  xx.,  1868,  pp.  216,  659  ;  xxxiii.,  pp.  502,  518. 

K.  A.  Lossen,  Graptolithen  am  H.,  Z.  d.  d.  g.  G.,  xxi.,  p.  284  ;  xxiv.,  p.  177  ; 
zxvi,  p.  206 ;  xxvii,  p.  448  ;  other  papers,  xxiz.,  p.  612 ;  xxxi.,  p.  215  ; 
xxxiv.,  1882,  p.  445. 

E.  Kayser,  Die  Fauna  der  altesten  Devon  Ablagerungen  des  Harzes  Abh.  zur 

geoL  Specialkarte  von  Preussen,  etc.,  Bd.  ii.,  1878.  Zur  Fragenach 
dem  Alter  der  hercynischen  Fanna,  Zeitsch.  d.  d.  g.  Gesellsch.,  xxxi, 
1879,  p.  54.     Other  papers  on  hercynian  rocks,  xxxiii.,  pp.  174,  617. 

A.  Halfar,  Oberdevon  am  Harz,  Z.  d.  d.  g.  G.,  xxvii.,  p.  465. 

von  Groddeck,  Kegion  des  Diabaszuges  zwischen  Osterode  n.  Altenau,  Z.  d.  d. 
g.  G.,  xxiv.,  p.  605;  Lagerungsverhaltnisse  des  Oberharzer  Diabaszuges, 
xxviii.,  p.  361;  Lagerungsverh.  am  Iberge  u.  Winterberge  bei  Grand, 
zxx.,  p.  540. 

b.  Oulm. 
von  Groddeekf  Beitr&ge  zur  Geognosie  des  Oberharzes,  Z.  d.  d.  g.  G.,  xxix., 

p.  429  ;  xxxii.,  p.  186  ;  Zur  Eenntniss  des  Oberharzer  Culm,  Jahrb.  d.  k. 

pr.  geol.  Landesanstalt,  1882. 
A.  ffcUfarf  Ueber  die  metamorphosirten  Culmschichten  in  der  nachsten 

Umgebung  von  Rhomkerhalle,  etc.,  Zeit.  d.  d.  g.  G.,  xxix.,  p.  63. 
Fr.     Wvmderlich,    Beitr.    zur   Kenntniss    d.    Kieselschiefer,    Adinolen    u. 

Wetzschiefer   des    N.W.    Oberharzes,    Mittheilungen   des    Clausthaler 

wisseuschaftlichen  Vereins  "Maja."    Neue  Folge,  1880,  Heft  i.,  p.  1. 

c.  Permian  Bocks. 

Freieslebenj  Geognostischer  Beitrag  zur  Eenntniss  des  Kupferschiefergebirges 

mit  besonderer  Hinsicht  auf  einen  Theil  der  Grafschaft  Mansfeld  u. 

Thiiringens.     Freiberg,  1807. 
Plwnicke,  Darstellung  der  Lagerungsverh&ltnisse  des  Eupferschieferflotzes  u. 

der  Zechstein  formation  der  Grafschaft  Mansfeld  Earstens  Archiv.  R.  ii., 

Bd.  xviii.,  1844,  p.  139. 
Schroder,  DerMansfelder  Eupferschieferbergbau  Zeitschrift  fur  Berg-,  Hutten-, 

u.  Salinien-Wesen  im  preuss.  Staate,  xvii.,  1868,  p.  251. 

F,  G.   Nawmann,   Ueber  die  geotektonischen  Yerhaltnisse  des  Melaphyr- 

Gebietes  von  Ilfeld,  Neues  Jahrbuch,  1860,  p.  1. 
E,  Beyrich,  Verbreitung  der  Zechsteinformation  am  nordlichen  Harzrande, 

Z.  d.  d.  g.  G.,  iv.,  1852,  p.  505.     Also  Zusammensetzung  d.  Zechstein 

am  S.  Harzrande,  xvii ,  p.  445. 
0.  Speyer,  Die  Zechsteinformation  des  W.   Harzrandes,  Jahrb.    d.   k.   pr. 

geol.  Landesanst.,  1880,  p.  50. 
E.  Saacke,  Die  geogn.   Yerhaltnisse  des  Ernst  August  StoUens  von  seiuem 

Mundloch  bis  zum  Fahlenberger  Lichtschacht  bei  Gittelde  am  Harze 

Berg.-  u.  Hiittenmannische  Zeitung,  1860,  p.  273. 
von    Ghroddeckf    Bemerkungen    iiber    das    Zechstein-conglomerat    zwischen 

Osterode  u.  Neukrag  u.  den  Schwerspath  am  Rosteberge,  Z.  d.  d.  g.  G., 

zxx.,  p.  541. 

d,  Trias. 

v<m  Strombeck,  Moschelkalk  Bildungen  im.  N.W.  Deutschland,  Z.  d.  d.  g. 
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C,   L,   pp.   148,   17B,   180,  182,   201.     Also  ii.,  p,   134;  SteinsaU  iii 
Norden  Tom  Hnrz,  vii.,  p.  665. 

E.  Beyrick,   Triosformation  Zwisohan  BallenBtedt  u.  Heimbnrg,  Z.  i.  d.  g. 

G.,  L,  p.  310  1   Zinkblende  im  obern  Muscbelkolk  von  Tbale,  ixxiii., 
1S81,  p.  700. 

e.  Jura. 

F.  A.   Bbchut,  die   Verateinernngoii   dea  norddsntschun   OoUthengebirges, 

isse. 

U.  Sdilocabadi,  Uebor  den  Eiaonatein  das  mittloren  l.iaa  im  N.W.  Dautsch- 

Iftud,  etc.,  Zeit.  d.  d.  g.  G.,  jiv.,  p.  166. 
ffdmHeh  Credner,  Gliedemng  dar  oberen  -Turaforraatioc  n,  dar  Wealden-Bil- 

dung  im  TT.W.  Deutaclilaud.     Prag,  1863. 
Von  Seebach,  Der  Haunororacho  Jura.     BErlin,  1864. 

D.  Bmims,  Dar  mittlara  Jura  in  N.W.  DautsEhland.     Caasel,  1869. 

/■  OretaceouB. 

P.    A.    Romier,    Dia   VBrstBiaanmgan    dos  norddcutschen    Kraidegeljirgas. 

Hannovar,  1841. 
V.   StrmiOieck,  GliederuDg  dea  HUs,  Z.  d.  d.  g.  G.,  vi.,  p.  264.      HUa  coii- 

glomarat,  etc.,  Neuas  Jahrb.,  1854,  p.  641  ;  1855,  p.  159.     Ganlt,  Z.  d. 

d.g.  G.,T.,  p.  501  ;  Till,,  p.  483  ;  Neuaa  Jahrb.,  1857,  p.  641.   Gliedarang 

daa  PliDers,  Z,  d.  d.  g.  G.,  ix.,  p.  415.     N.  Jahrb.,  1857,  p.  786. 

E.  Beyrich,   Zuaammenaatzung    u,    Lagemng   der  krsideformation  in  dar 

Gegend  zwiaclien  Halberatadt  Bla.ukenbiirg  n,  Qnedliubarg.   Uit.  Eaite, 
Z.  d.  d.  g.  G.,  i.,  184B,  pp.  288,  386. 

F.  A.   Eormrr,  Die  Qundratankreida  das  Siidmerbergea  boi  QoBlar,    Falx- 

ontographioo,  xm.,  i  Lief,  p.  103.     Naues  JaJirb.,  1868,  p.  242. 

9-  Tertiary  Deposits,  etc. 

JT.  A.  Losten  and  E,  Kayser,  Brannkoble,  ate,  un  Harz,  Zeit.  d.  d.  g.  G. , 
xiii,,  pp.  202,  203.     See  also  notice  by  Beyrich,  xxtl,  p.  639. 

C.  Strackmrnin,  Ausgiabungan  in  der  £inhornhohIe  bei  Scbarzfald  am  S. 
Harzrande,  Zeit  d.  d.  g.  G.,  xxiiv.,  p.  664. 

K.  S.  Zimmermann,  Gletscherapnren  am  Uarz.  Neaea  Jahrb.,  1863,  p.  15S, 
and  1873,  p.  298. 

0.  Lang,  Giabt  ea  Glatacherspuren  am  Harz )  N.  J.,  1880,  p.  9B. 

E.  Kayser,  Glatschererscheinungen  am  Harz.     VerhandL  d.  Gesellsch.,  fUr 

Eidkunde  zu  Berlin,  3  Decemb.  1881. 
K.  A,  Lomen,   Gletscherspuren  am  Harz,  Z.  d.  d.  g.  G,,  xxxiii.,  p.  703, 

Massive  Bocks  op  the  Hab2. 

1.  Diftbaae— 0,   Sckilliny,    Die   cheniisch    minflralogischa   Conatitation  der 

GrUnstein  gEnannton   Gesteina   dea  Siidharzes  Oiittingen  Unirersitat^ 
Bnchdruckerei  Ton  E.  A.  Huth,  1869. 

2.  Orthodaao  Porphyry— ^Zanera,  Z.  d,  d.  g.  G.,  xxxii.,p.  175  ;  xxxiv.,  p.  199. 

3.  Baaalt  ("  Melaphyr  ")  of  Ilfcld— ^.  Girard,  N.  Jahrb.,  1858,  p.  145.     A. 

Streng,  Z.  d.  d.  g.  G.,  x.,  p.  89  ;  liii.,  p.  64. 

4.  Porphyrite— Sireji^,  Neoes  Jahrb.,  1876,  p.  785, 

5.  Earsaatit«  of  Michae]et«in  —  Lonea,  Z.  d.  d.  g.  G.,  ixxii.,  p.   445; 
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Jahrb.  d.  k.  pr.  Landesanst,  1880,  p.  22.  Eersantite  of  Lautenthal — 
wm  Oroddeck,  Jahrb.  d.  k.  pr.  Landesanst.,  1882. 

6.  Granite,  etc. — C.  W.  C,  Fuchs,  Der  Granit  des  Harzes  u.  seine  Nebenges- 

teine  (Homfels,  Gneiss,  Diorit,  Syenit,  etc.)>  Mineralogisch  chemische, 
Monographie,  Mit  Karte,  Taf  xiii  N.  Jahrb.,  1862,  pp.  769,  897.  Los- 
am,  Z.  d.  d.  g.  G.,  zxvi.,  p.  856  ;  xxvii.,  p.  454  ;  xxviiL,  p.  405  ;  xxxii, 
p.  206. 

7.  Gabbro,  etc.— ^.  Streng,  Neues  Jahrb.,  1862,  pp.  518,  933. 

8.  Quartz-porphyry,  etc. — Lossen,  Z.  d.   d.   g.   G.,    xx.,  p.  453  ;  xxviii., 

p.  406 ;  xxix.,  p.  201.  K  Kayser,  Jahrb.  d.  k.  pr.  geol.  Landesanst, 
1880,  p.  45. 

»  Metamobphio  Rocks. 

C.  Zinckent  Granitrander  der  Gmppe  des  Rammberges  u.  der  Bosstrappe, 

Mit  Earten,  Earst.  Archiv.  R.  ii.,  Bd.  v.,  1832,  p.  323  ;  xix.,  1845,  p. 

583. 
C,  Lossen,  Metamorphische  Schichten  aus  der  palseozoischen  Schichlenfolge 

des  Ostharzes,  Z.  d.  d.  g.  G.,  xxi.,  pp.  281-340. 
E,  Kayser,  Contactmetamorphose  der  kornigen  Diabase  im  Harze,  Z.  d.  d.  g. 

G.,  xxiL,  p.  103. 
C.  Lossen,  Geognostische  Yerhiiltnisse  des  hercjmischen  Schiefergebirges  in 

der  Umgegend  von  Wippra,  Z.  d.  d  g.  G.,  xxii.,  p.  467. 
K,  A.  Lossen,  Ueber  den  Spilosit  u.  Desmosit  Ziuckens,  Z.  d.  d.  g.  G.,  xxi  v., 

p.  701.     Albit  Porphyroide  ans  dem  Harz,  xxxi.,  p.  441. 

Metalliferous  Deposits. 

H,  Credmer,  Geognostische  Beschreibuug  des  Bergwerks,  Districtes  von  St 
Andreasberg,  Z.  d.  d.  g.  G.,  xviii.,  pp.  163-231. 

von  Oroddeck,  Ueber  die  Erzg&nge  des  nordwestlichen  Oberharzes,  Z.  d.  d. 
g.  G.,  xviiL,  pp.  693-776.  Die  Lehre  der  Lagerstatten  der  Erze  ("Study 
of  Ore  Deposits  ")  contains  short  accounts  of  all  the  metalliferous  deposits 
of  the  Harz. 

Ore  deposit  of  the  Rammelsberg — K,  A.  Lossen,  Z.  d.  d.  g.  G.,  xxviii.,  p. 
777.  F,  Wimmer,  Zeitsch.  fiir.  Berg-,  Hiitten-,  u.  Salinien-Wesen  im 
pr.  Staat,  xxv.,  p.  119.  A.  Stelzner,  Z.  d.  d.  g.  G.,  xxxii.,  p.  807.  G, 
K6hJer,  Zeit.  f.  B.  H.  u.  S.  W.  im.  pr.  Staat,  xxx.,  pp.  31,  278. 

Mansfeld — Mansfeld  Eupferschiefer  Bergbau,  1881.  This  is  a  reprint  of 
papers  in  the  Zeitsch.  fur  Berg.-  Hutten.-  u.  Salinien-Wesen,  xvii., 
pp.  135  and  251 ;  and  xix.,  p.  224. 

B.  Explanation  of  Plates. 

The  Sketch  Map,  Plate  IX.,  is  intended  to  indicate  roughly  the  general  struc- 
ture of  the  Harz,  and  to  show  the  positions  of  most  of  the  places  referred  to  in 
the  text,  and  of  the  lines  of  Section  in  Plate  X.  The  contemporaneous  diabases 
are  shown,  but  the  numerous  patches  of  intrusive  diabase,  as  well  as  the  dykes 
of  quartz-porphyry,  etc.,  have,  to  avoid  needless  complexity,  been  omitted. 

The  Sections,  Plate  X.,  are  drawn  to  the  same  scale  as  Lossen's  Map.  The 
verticals  are  about  double  the  horizontal  distances.  The  sections  do  not  pre- 
tend to  any  great  accuracy  in  detail,  and  are  intended  merely  to  serve  as 
illustrative  diagrams  approximately  correct  in  general  outline  only. 
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Section  Nd,  1  shows  tha  Tinconformablo  palnh  of  nower  palffozoio  rock 
■aean  Bulleoetedt  on  tbe  south  aide  of  the  great  fault,  aiiil  the  poaition  of  the 
Mansfeld  basin  at  the  S.  E.  Bxtromity  of  the  ran^e. 

No.  2  shows  the  genenU  structure  of  the  Lower  Hara  aud  Eyffhiluser. 

No.  8  iuJicateB  the  probable  uncouformability  in  the  Secondary  series  nt 
WemigBrode,  the  rplatioug  of  tha  rocks  in  the  Elbiugerode  diatrict,  and  tha 
[lositioQ  of  the  Permian  Tolcanic  masees  at  llfeld. 

No.  4  shows  the  Quoonformability  below  tlia  upper  ehalk  on  the  north 
aide  of  thf  great  fault,  the  relation  of  the  granite  of  the  Brocken  to  the  fsnlts, 
the  poailion  of  the  silrer  reins  of  Andreasberg,  and  tlio  relations  of  the 
Permian  rocks  on  the  aoutbem  flank  of  the  Harz. 

No.  5  illustrates  the  Htructure  of  the  portion  of  the  West  Harz  between 
Goslar  and  Seesoa.  The  great  inversion  of  the  Rammclsbarg  is  shown  on  the 
oast,  and  the  Culin  greywackes  aud  shales  are  seen  overlying  the  Upper 
Devonian  beds  ou  the  western  aide  of  the  Innersto  Valley.  Tha  Kersantita 
dyke  of  Lantenthal  is  seen  piercing  the  Culm,  and  altered  in  position  by  one 
of  the  faults. 


XIX,  On  the  Classification  of  Animals.  By  J.  Cossar 
EwABT,  Esq.,  M.D.,  Eegiua  Professor  of  Natural 
History  in  the  University  of  Edinburgh. 
(Read  20th  February  1884.) 
Until  comparatively  recent  years  naturalists  chiefly  con- 
cerned themselves  with  drawing  up  definitions  of  animals, 
and  with  elaborating  systems  of  classification.  The  arrange- 
ment usually  adopted  was  extremely  unnatural,  for  the 
systematists  trusted  either  to  external  characters  or  to  very 
simple  combinations  of  characters.  In  course  of  time,  how- 
ever, great  advances  were  made — the  internal  structures 
were  taken  into  consideration,  so  that  when  a  new  era  was 
introduced  by  the  appearance  of  the  "  Origin  of  Species"  in 
1859  an  almost  perfect  natural  system  of  classification  had 
been  devised,  and  it  seemed  as  if  the  theory  of  descent  with 
modifications  had  been  unconsciously  used  in  making  the 
arrangements,  "  and  not  some  unknowa  plan  of  creation,  or 
the  enunciation  of  general  propositions,  and  the  mere  putting 
ti^ether  and  separating  objects  more  or  less  alike."  Until 
the  time  of  Cuvier  naturahsts  were  bent  upon  establishing 
one  continual  uniform  series  to  embrace  all  animals  between 
the  links  of  which  it  waff  supposed  there  were  no  unequal 
intervals.    But  even  after  Cuvier's  time  the  old  traditions 
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were  adhered  to.    Lamarck,  who  stumbled  upon  the  theory 
of  evolution,  but  was  unable  to  marshal  a  sufl&cient  array  of 
facts  to  support  it,  stiU  seems  to  have  believed  in  the  pos- 
sibility of  arranging  animals  in  a  linear  series,  and,  it  may  be 
added,  that  at  the  present  day  this  old  notion  has  been 
saddled  to  the  theory  of  descent  by  those  who  have  not  been 
carefully  initiated  into  the  mysteries  of  biology.     The  pos- 
sibility of  arranging  animals  in  a  linear  series  is,  however,  no 
longer  admitted  by  naturalists — they  know  that  the  relations 
animus  have  to  each  other  cannot  be  represented  on  a  plane 
surface,  but  only  in  space  of  three  dimensions ;  that  in  fact 
the  only  possible  method  of  classifying  animals  is  to  arrange 
them  in  divergent  groups  and  redivergent  sub-groups,  or,  in 
other  words,  to  represent  them  in  the  form  of  a  tree.    Further, 
various  groups,  e.g,,  orders,  families,  genera,  and  species,  are 
no  longer  looked  upon  as  being  always  equivalent,  but  rather 
as  arbitrary  divisions  adopted  for  convenience,  and  not  because 
they  have  the  same  comparative  value.     If  a  natural  system 
of  classification  is  founded  on  descent  with  modifications,  it 
must  be  strictly  genealogical  in  order  to  be  natural,  hence 
the  various  groups  (orders,  families,  genera,  etc.)  must  be 
considered  as  expressing  the  amount  of  difference  amongst 
organisms  which  have  descended  from  a  common  ancestor, 
and  which  together  form  a  branch  or  phylum  ;  and  it  may  be 
added,  that  the  possibility  of   dividing  groups  into  orders, 
genera,  etc.,  has  resulted  from  members   of  these  groups 
undergoing  elaboration  and  differentiation  in  different  direc- 
tions.   This  being  so,  the  particular  rank  which  any  number 
of  individuals  receives  will  depend  partly  on  the  amount  of 
elaboration  and  partly  on  the  disappearance  of  the  immediate 
or  remote  ancestral  forms,  or  of  both. 

From  what  has  been  said,  it  will  be  evident  that  in  drawing 
up  a  system  of  classification  it  is  necessary  to  distinguish 
adaptive  from  essential  characters,  and  to  remember  that  no 
arrangement  can  be  natural  that  is  not  genealogical  The 
safest  characters  therefore  will  be  those  that  show  an  afl&nity 
between  organisms  to  each  other  or  to  an  ancestral  form. 
When  arranging  animals  into  large  groups,  we  should  therefore 
notice  especially  the  developmental  history.    This,  however, 
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ia  not  enough  in  the  case  of  vertebrates,  e.g.,  it  will  be 
necessary  further  to  take  into  consideration  the  most  fixed 
structures — the  skeleton  and  nervous  system,  the  generative 
organs,  the  heart  and  respiratory  organs,  and  any  rudi- 
mentary or  atrophied  organs  that  may  be  present.  When 
breaking  up  the  large  groups  into  sub-gronps,  it  will  be 
necessary  to  direct  attention  to  the  amount  of  elaboration 
that  has  taken  place,  or  to  the  specialisation  any  series  of 
organs  has  undergone,  or  to  the  appearance  of  new  organs. 

Although  the  system  of  classification  at  present  generally 
in  use  is  to  all  intents  and  purposes  a  natural  system,  and 
although  it  does  not  fail  to  recognise  in  a  general  way  the 
genealogical  afBnities,  it  must  be  admitted  that  it  is  at  the 
best  a  most  disjointed  system,  and  that  the  definitions  are 
often  drawn  up  in  such  a  way  that  they  seem  to  apply 
equally  well  to  several  distinct  forms  or  groups.  How  then 
might  the  present  arrangement  be  improved  ?  How  can  the 
relationships  be  better  expressed  and  the  definitions  made 
more  definite  ?  A  system  of  classification  ought  to 
enumerate  all  the  information  we  possess  about  the  various 
groups  and  individuals  composing  them.  Tliis  was  the  case 
with  the  systems  of  Linnaeus  and  of  Cuvier.  Since  their 
time,  however,  we  have  not  only  collected  an  enormous 
number  of  facts  as  to  the  structure  of  animals,  but  we  have 
learned  much  of  their  distribution,  development,  and  ancestral 
history.  Hence  a  classification  now  must  not  only  express 
all  we  know  as  to  the  structure,  but  also  all  we  know  as  to 
the  ontogeny  and  phylogeny  of  the  organisms  considered. 
The  most  su^eative  and  useful  classification  ought  naturally 
to  assume  the  form  of  a  genealogical  tree,  and  the  definitions, 
instead  of  merely  enunciating  what  are  supposed  to  be  the 
ordinal  generic  and  specific  characters,  ought  to  express  as 
far  as  possible  the  relationship  indicated  by  this  tree — to 
interpret  or  explain  these  relationships,  and  at  the  same  time 
suggest  the  amount  of  elaboration  and  specialisation,  or  it 
may  be  the  amount  of  degeneration  that  has  taken  place. 
Our  knowledge  of  extinct  forms  is  not  yet  sufficient  to  enable 
us  to  follow  out  this  ideal  system ;  but  it  may  be  possible, 
without  waiting  until  geologists  fill  up  the  many  gaps,  to 
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improve  somewhat  our  present  mode  of  drawing  up  defini- 
tions, if  not  of  classifying.  Those  acquainted  with  such 
works  as  Gunther's  "Classification  of  Fishes"  must  know 
that  the  various  groups  are  usuaUy  considered  as  if  they  in- 
eluded  independent  and  specially  created  forms,  and  no  attempt 
other  than  grouping  aUied  forms  together  is  made,  either  to 
indicate  their  relationship  or  the  amount  of  elaboration  or 
specialisation  that  has  taken  place.  Further  it  must  have 
been  observed  that  Haeckel  and  others  have  long  recog- 
nised Jihe  necessity  of  a  change  in  our  mode  of  classifying 
and  defining  organisms,  and  especially  of  adopting  a  simpler 
and  more  philosophical  plan  than  has  hitherto  been  followed, 
so  that  in  venturing  to  indicate  on  what  lines  our  classifica- 
tions might  in  future  be  conducted,  I  am  only  following  the 
example  of  other  naturalists. 

The  system  which  I  would  recommend  will  be  best  illus- 
trated by  taking  a  familiar  group  as  an  example.  I  know  of 
no  group  that  will  serve  better  for  this  than  the  fish  group.  In 
the  Fishes  I  would,  at  the  outset,  draw  up  a  short  definition 
containing  only  absolute  characters,  and,  as  far  as  possible, 
characters  which  would  not  only  suggest,  but  in  a  great 
degree  be  applicable  to  the  ancestral  forms.  This  short 
statement  made,  each  order  would  next  be  dealt  with  sepa- 
rately. Before  giving  any  definitions  I  would  enumerate  all 
the  genera  of  the  order,  showing  in  as  graphic  a  manner  as  is 
possible  how,  on  a  flat  surface,  these  might  be  arranged  into 
sub-families,  families,  and  suborders  or  other  groups.  This 
done,  I  would  next  draw  up  a  short  definition  of  the  order, 
containing,  as  in  the  definition  of  the  class,  only  absolute 
characters.  If  two  or  more  suborders,  I  would  select  the  one 
which  seemed  to  approach  nearest  to  the  ancestral  forms  and 
draw  up  an  exhaustive  statement  of  its  characters  ;  in  other 
words,  I  would  describe  in  a  categorical  fashion  a  typical 
member  of  the  group. 

Having  done  this  I  would  next  indicate  as  shortly  as 
possible  how  the  members  of  this  particular  family  differed 
from  the  type  described,  either  by  being  more  elaborated  or 
specialised,  or  by  having  undergone  degradation.  When 
necessary,  in  addition  to  showing  the  relation  of  each  genus 
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to  the  selected  type,  I  would  discuss  separately  each  genus, 
showing  how  one  apeciea  differed  from  another,  and  how 
they  were  related  to  their  own  particular  genua,  just  as 
we  might  compare  the  leaves  belonging  to  a  particular  twig, 
and  indicate  how  they  were  individually  attached.  The 
genera  and  species  having  beeu  considered,  I  would  conclude 
with  a  definition  of  the  family,  never  using  vague  terms,  such 
as  "  usually  "  or  "  generally,"  and  always  mentioning  the  ex- 
ceptions in  detail. 

Having  treated  all  the  families  of  the  suborder  in  this  way, 
I  would  next  compare  the  various  families  with  each  other, 
indicating  how  they  essentially  differed  from  each  other, 
and  how  they  had  departed  from  what  were  supposed  to  be 
the  ancestral  forma.  AH  the  other  suborders  would  be 
treated  in  the  same  way,  with  thia  difference,  that  whenever 
it  was  possible,  instead  of  giving  an  exhaustive  statement  of 
the  characters  of  the  type  selected.  I  would  simply  show  how 
it  differed  from  the  original  type  which  served  to  illustrate 
the  first  suborder.  When  all  the  suborders  had  been  con- 
sidered in  this  way,  I  would  nest  compare  the  various  sub- 
orders, indicating,  when  possible,  along  what  routes  they  had 
severally  travelled  from  their  starting  point — what  amouot 
of  elaboration  they  had  undergone — how  much  they  had 
been  specialised  or  degraded — whether  they  were  at  or  near 
their  climax,  or  approaching  their  decline — what  amount  of 
parallelism  there  was  amongst  them,  and  in  what  respects 
they  chiefly  differed — also,  how  their  present  compared  with 
their  past  distribution — and  how  far  they  or  their  ancestors 
had  been  traced  into  previous  epochs. 


XX.  Note  on  "  Deserted  Spavmiiig  Grounds  of  the  Serring'' 

By  J.  CossAB  EwAET,  Esq.,  M.D. 

(Bead  19th  March  1E84.) 

CertEun  inshore  hanks  around  the  British  coast,  and  along 
the  shores  of  Norway  and  Sweden  have  long  been  frequented 
by  the  herring  when  abont  to  spawn.  Some  of  these  banks 
have  been  visited,  chiefly  in  the  autumn,  while  others  have 
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been  visited  in  the  spring.  One  of  the  best  known  banks 
visited  in  the  autumn  is  the  Guillam  Bank,  near  to  the  entrance 
to  the  Cromarty  Firth,  while  the  bank  oflP  Ballantrae  is  the 
most  familiar  resort  during  the  spring.  In  addition  to  these 
there  are  many  others  well  known  to  our  fishermen.  The 
famous  Bohuslan  spawning  ground  on  the  coast  of  Sweden  is 
noteworthy.  All  these  spawning  grounds  are  liable  to  be 
deserted  for  longer  or  shorter  periods,  e.g.,  the  GuiUam 
Bank  has  practically  been  deserted  during  the  last  fifteen 
years;  the  bank  off"  Dunbar  has  been  deserted  for  a  still 
longer  period;  the  Ballantrae  Bank  was  all  but  deserted 
for  several  years ;  while  the  herring  shoals  left  the  Bohuslan 
grounds  in  1808,  and  did  not  make  their  appearance 
again  in  any  numbers  until  1877.  The  disappearance 
of  the  herring  has  been  accounted  for  in  an  endless  number 
of  ways,  but  we  are  still  without  definite  information 
on  the  subject,  and  likely  to  continue  in  this  condition  until 
we  learn  something  more  of  the  causes  which  infiuence  the 
movements  of  the  herring,  either  in  search  of  food  or  in 
selecting  spawning  grounds. 

An  important  step  in  this  direction  would  be  accomplished 
in  determining  whether  herring,  like  salmon,  are  in  the  habit 
of  returning  to  their  birthplace  during  the  spawning  period. 
This  might  be  done  by  depositing  on  some  of  the  deserted  in- 
shore banks  large  quantities  of  fertilised  eggs.  If,  in  the 
following  year,  after  the  spawn  had  been  deposited,  these 
banks  were  frequented  by  numbers  of  young  herring,  and 
during  the  second  year  with  a  school  of  spawning  herring,  it 
might  be  taken  for  granted  that  they  were  the  products  of  the 
eggs  deposited.  Supposing  this  to  be  the  result,  a  number  of 
interesting  problems  would  be,  to  a  great  extent,  settled,  and 
an  extremely  practical  conclusion  arrived  at,  viz.,  —  that 
when  spawning  beds  have  been  deserted,  instead  of  waiting 
until  some  accident  brought  a  new  school  of  herrings,  some 
twenty,  thirty,  or  fifty  years  hence,  it  would  be  possible  to 
treat  them  as  so  many  farms,  restocking  them  when  neces- 
sary, so  as  to  restore  the  fishing.  Having  been  deeply  im- 
pressed when  examining  the  Ballantrae  spawning  grounds 
with  the  desirability  of  some  such  course  as  tiiis  being 
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pursued,  I  took  into  consideration  how  it  could  best  be  carrietl 
out.  In  stocking  rivers  with  trout  and  salmon,  good  results 
are  often  obtained  by  depositing  eyed-ova  in  either  natural 
or  artificial  redds.  The  advantages  of  depositing  eyed-ova 
over  newly  fertilised  ova  are  (1.)  that  the  water  in  the  redds 
often  contains  a  quantity  of  mud,  which,  though  harmless 
to  the  fry,  is  fatal  to  the  ecga  during  the  early  stages  of  their 
development ;  (2.)  that  owing  to  the  variations  in  the 
temperature  of  the  water  passing  over  the  redds,  the  embryos 
when  hatched  are  often  so  feeble  that  they  are  incapable  of 
surviving ;  (3.)  that  owing  to  the  protection  afforded  during 
the  earlier  stages,  the  ntunber  of  fry  hatched  is  likely  to  be 
greater. 

In  the  case  of  the  herring  there  is  practically  no  risk  from 
impurities  in  the  water,  and  the  number  of  ova  obtained  from 
each  female  herring  being  ao  great  the  destruction  of  a  con- 
siderable number  by  fish,  etc.,  is  not  a  matter  of  any  moment, 
and  this  destruction  is  limited  compared  with  the  salmon,  as 
they  are  often  hatched  in  ten  or  twelve  days,  and  are  seldom 
over  forty  days  in  hatching.  Hence,  all  that  is  required  is, 
that  a  sufficient  number  of  fertilised  eggs  should  be  deposited 
on  the  spawning  ground.  At  first  it  seemed  that  this  would 
be  easily  accomplished  by  dropping  stones,  etc.,  coated  with 
eggs  on  the  bank,  but  on  finding  that  the  eggs  were  apt  to 
be  destroyed  when  this  was  done,  and  that  the  gravel-coated 
portions  of  the  bank  were  always  selected  by  the  herring  in 
preference  to  others,  I  devised  a  simple  apparatus  for  con- 
veying the  egg-coated  stones  safely  to  their  destination.  This 
apparatus  is  in  the  form  of  a  galvanised  iron  tray  about  20 
inches  in  diameter  and  about  4  inches  in  depth,  with  a  bottom 
consisting  of  two  portions  hinged  to  a  central  bar  so  as  to 
open  outwards.  This  tray  is  provided  with  four  cords,  two 
attached  to  the  rim  and  one  to  each  half  of  the  false  bottom. 
"When  loaded  with  stones  which  may  be  coated  with  eggs  on 
both  sides,  the  tray  is  deposited,  all  the  four  cords  being  held 
tight  until  it  reaches  the  bottom.  On  reaching  the  surface 
of  the  bank  the  cotds  attached  to  the  false  bottom  are  set 
free,  while  the  other  cords  are  drawn  np,  the  result  being  that 
the  two  halves  of  the  bottom  open  outwards  leaving  all  the 
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contents  of  the  tray  on  the  bank.   In  this  way  many  minions 
of  eggs  could  be  easily  deposited  in  either  shallow  or  deep  • 
water. 

Specimens  Exhibited. 

Februaryy  1884.— Professor  Ewart  exhibited  a  specimen  of 
Torpedo  nohUiana,  taken  by  a  trawl  in  40  fathoms  water  oflP 
Lybster  on  the  11th  of  January.  The  specimen  measured 
28  inches  in  length,  and  19|  inches  across  the  pectoral  fins, 
and  was  13  pounds  in  weight.  It  was  of  a  uniform  dark 
chocolate  colour  on  the  upper  surface,  while  the  under  surface 
was  nearly  white.  Though  several  torpedoes  have,  in  all 
probability,  been  captured  oflP  the  Scottish  coast,  this  seems 
to  be  the  first  that  has  been  identified  and  preserved.  It  has 
been  presented  by  the  Scottish  Fishery  Board  to  the  Museum 
of  Science  and  Art.  A  figure  of  this  specimen  will  be  found 
in  the  Annual  Eeport  of  the  Fishery  Board  for  Scotland  for 
the  year  1883. 

March  l^th.  —  Professor  Ewart  exhibited  the  following 
specimens  :  (1.)  Baniceps  trifurcus  (Tadpole  fish),  taken  in 
the  Firth  of  Forth ;  (2.)  Physis  hlenniodes,  the  Great  Fork- 
Beard  ;  (3.)  Oadus  minutus,  the  Power  Cod,  taken  oflP  Eye- 
mouth ;  (4.)  an  albino  Haddock  {Gadvs  mglejinni)  from  Stone- 
haven ;  (5.)  a  Coronula  taken  from  the  "  Tay  Whale  "  {Meg- 
aptera  longimand) ;  (6.)  stones  coated  with  eggs  of  herring, 
dredged  from  the  Ballantrae  Bank  on  the  8th  of  March ; 
and  (7.)  living  Herring  fry  which  escaped  from  the  eggs  on 
the  stones  on  the  16  th  March. 
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Wednesday,  1 9th  November  1884 — Eamsay  H.  Traquajr, 
Esq.,  M.D.,  F.RS.,  President,  in  the  Chair. 

The  Chairman  delivered  the  following  opening  address : 

Gentlemen, — ^We  come  together  this  evening  in  the  full 
hope  and  confidence  that  the  success  and  prosperity  which 
have  attended  our  gatherings  during  the  pjist  few  years  will 
not  be  less  in  the  present  Session  of  the  Eoyal  Physical 
Society,  the  114th  since  its  foundation.  On  this  occasion 
I  think  we  may  justly  point  to  the  new  part  of  our  Pro- 
ceedings  now  on  the  table,  and  containing  the  papers  of  last 
session,  as  evidence  that  our  prosperity  is  not  merely  one 
of  increased  membership,  or  of  gathering  in  of  fees,  but 
of  work  done.  For  the  first  time  in  my  memory  the 
Proceedings  of  a  previous  session  have  been  laid  on  the 
table  ready  for  distribution  on  the  opening  night  of  the 
following  one,  and  for  this  we  must  thank  the  energy  and 
industry  of  our  Secretary,  whose  position  as  Editor  of  these 
Proceedings  is  by  no  means  one  of  calm  contemplation, 
but  one  of  hard  and  often  very  harassing  work.  The  part 
itself  consists  of  273  pages,  with  10  plates,  and  contains 
20  papers  besides  an  address  by  Dr  A.  Geikie,  Director- 
General  of  the  Geological  Survey.  In  this  address  Dr 
Geikie  gives,  in  his  well-known  lucid  style,  an  admirable 
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exposition  of  the  present  state  of  knowledge  regarding  the 
growth  and  origin  of  coral-reefs,  and  of  the  manner  in  which 
oar  faith  in  the  Darwinian  theory  of  these  strnctures  has 
become  gradually  shaken  and  undermined  by  the  progress  of 
subsequent  research. 

Except  that  they  include  no  contributions  from  the 
chemical  members,  the  20  original  papers  well  represent  the 
various  branches  of  scientiiic  work  which  it  is  the  specif 
function  of  this  Society  to  encourage  and  prosecute.  Eleven 
of  these  deal  with  subjects  in  recent  zoology:  of  these  five 
are  ornithological — those  of  Mr  Swinburne  on  the  Birds  of 
Sula  Sgeir  or  North  Barra  and  North  Bona ;  of  Mr  Dalgleish 
on  a  Second  Collection  of  Birds  and  Eggs  from  Central 
Uruguay ;  and  two  papers  by  Mr  Harvie- Brown,  and  one  on 
the  Occurrence  of  the  Little  Gull. 

It  is  only  natural  that  Ornithology  should  be,  as  it  always 
has  been,  prominent  in  the  matters  brought  before  our  meet- 
ings, seeing  the  wide  general  interest  which  the  subject 
evokes,  and  the  opportunities  afforded  by  Scotland  for 
observations  connected  with  this  department. 

Two  papers  record  researches  in  Invertebrate  Anatomy, 
one  of  these  being  the  beautifully  illustrated  and  carefully 
worked-out  paper  of  Professor  Herdman  on  Sarcodictyon, 
the  other  an  interesting  note  by  Mr  Eeddard  on  the  Structure 
of  the  Body- Wall  of  certain  Earthworms.  We  must  regret 
that  we  have  lost  the  advantage  of  Mr  Beddard's  presence 
amongst  us  as  a  resident  member,  but  at  the  same  time  we 
must  congratulate  him  on  his  well-deserved  promotion  to  so 
important  a  post  as  the  Proaectorship  to  the  Zoological 
Society  of  London. 

Two  papers  relate  to  distributional  marine  zoology ;  one 
by  Dr  J.  E.  Henderson  on  Shells  and  Zoophytes  from  the 
Firth  of  Forth  not  previously  recorded  in  the  Society's  Pro- 
ceedings— a  very  appropriate  paper  for  our  Society,  being 
supplementary  to  the  valuable  list  already  published  in  our 
Proceedings  by  Messrs  Leslie  and  Herdman,  The  second  is 
a  Revised  List  of  British  Ophiuroidea  by  Mr  Hoyle,  of  great 
importance  to  those  interested  in  the  geographical  distribu- 
tion of  our  marine  invertebrates.    What  a  difl'erence  there  is 
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in  this  subject  since  the  publication  of   Forbes'  "British 
Starfishes  " ! 

We  are  also  glad  to  see  that  the  Professor  of  Natural 
History  in  the  University  is  taking  an  active  part  in  the 
business  of  the  Society,  and,  besides  exhibiting  at  our  meet- 
ings many  fishes  of  interest,  including  the  first  Torpedo 
caught  ofiP  the  Scottish  coasts,  has  furnished  this  number  of 
the  Proceedings  with  two  papers.  The  first  of  them,  on  the 
Classification  of  Animals,  embodies  the  modem  theory  of 
descent  in  relation  to  this  subject ;  the  second,  on  Deserted 
Spawning-grounds  of  the  Herring,  deals  with  important 
economic  matters,  which  he  has  recently  taken  up  as  a  special 
study,  and  which  must  command  the  interest  of  a  much  wider 
circle  of  readers  than  those  who  busy  themselves  with  the 
details  of  Comparative  Anatomy  or  of  Systematic  Zoology. 

The  remaining  nine  papers,  nearly  half  of  the  whole,  are 
upon  subjects  which  the  popular  mind  usually,  if  not  quite 
accurately,  associates  under  the  general  notion  of  "  Geology," 
and  are  indeed  of  the  kind  generally  considered  to  be  proper 
subjects  for  Geological  Societies.  And  here  I  must  con- 
gratulate the  Society  on  the  good  appearance  which  the 
present  number  of  the  Proceedings  has  made  in  this  direction, 
which  shows  that  we  are  not  neglecting  our  function  as  a 
Geological  Society,  handed  down  to  us  from  the  days  of 
Fleming  and  Hugh  Miller.  I  would  also  urge  the  Society 
assiduously  to  persevere  in  cultivating  Geology  and  Palaeon- 
tology, and  in  doing  so  I  think  it  a  matter  of  congratulation 
that  so  many  members  of  H.M.  Geological  Survey  favour  us 
with  their  attendance  at  our  meetings  and  their  contributions 
to  our  Proceedings, 

Three  of  these  papers  deal  with  physical  or  pure  Geology, 
namely,  on  Boulder-Glaciation  by  Mr  Hugh  Miller— on  the 
Breadalbane  Mines  by  Messrs  Wilson  and  Cadell — on  the 
Harz  Mountains  by  Mr  Cadell.  One  paper  relates  to  the 
mineralogy  of  the  silver  districts  of  Colorado  by  Mr  H.  Gunn. 
The  other  five  are  pakeontological — of  which  three  are  on 
Fossil  Botany — two  by  Mr  Kidston,  and  one  by  Mr  Theodore 
Eichards, — while  two  are  on  Fossil  Ichthyology  by  myself. 

Last  June  I  had  the  pleasure  of  attending  an  interesting 
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meeting  in  the  new  Natural  History  Museum  at  South  Ken- 
sington, brought  together  for  the  purpose  of  discussing 
certain  interesting  questions  connected  with  zoological 
nomenclature,  to  which  I  will  refer  further  on.  At  present 
I  may  quote  one  sentence  from  the  introductory  remarks  of 
Professor  Flower,  who  presided, — "  I  have  often  bad  little 
difficulty  in  making  out  the  charactera  and  structure  of  an 
animal,  and  even  the  functions  of  some  of  its  organs,  but 
when  I  have  to  decide  by  what  name  to  call  it,  I  am  often 
landed  in  a  sea  of  perplexity." 

Certain  it  is  that  the  correct  naming  of  animals  and  plants 
is  one  of  the  most  serious  difficulties  with  which  museum 
officials,  and  investigators  generally,  have  to  contend.  Well 
do  conservators  of  museums,  where  scientific  assistance  or 
access  to  books  is  deficient  or  inadequate,  know  the  difference 
in  value  between  an  authentically-named  collection  and  one 
which  is  not 

I  fear,  however,  that  to  the  outside  laity,  who  have  never 
approached  the  study  of  Natural  History  from  a  Bcientific 
point  of  view,  and  who  imagine,  as  I  know  many  do,  that 
the  only  work  of  a  museum  curator  is  to  put  his  atuft'ed 
-birds  and  beasts  on  shelves,  and  see  that  they  are  not 
corrupted  by  dust  or  moths,  it  must  be  a  perfect  mystery 
what  all  this  talk  about  nomenclature  means.  Such  persons 
often  wonder  why  naturalists  choose  to  becloud  and 
encumber  the  science,  which  they  profess  to  love,  by  what 
are  popularly  termed  "  jawbreaking  "  names — for  their  part 
they  are  quite  content  to  go  on  speaking  or  writing  about 
"  the  spider-crab,"  or  "  (Ae  white  butterfly,"  or  "  the  wild  goose," 
or  "  the  dogfish."  Just  the  other  day  a  letter  appeared  in  the 
Scotsman  newspaper,  expressing  immense  contempt  for  the 
ignorance  of  the  Firth  of  Forth  fishermen  in  believing  that 
the  Dogfish  brought  forth  its  young  alive.  A  discussion  in 
the  correspondence  column  ensued,  in  which  it  was  shown 
that  there  were  many  kinds  of  small  sharks  known  as 
"  Dogfish  "  round  our  coasts,  and  that  though  some  of  these 
deposited  eggs,  others,  and  notably  those  most  likely  to  be 
known  to  our  local  fishermen,  actually  are  viviparous. 

Here,  however,  some  one  more  enlightened  as  to  diversity 
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and  as  far  as  possible  to  remedy  the  evils  already  created 
by  it,  a  committee  was  appointed  by  the  British  Associa- 
tion for  the  Advancement  of  Science  in  1842 ;  and  the 
report  of  this  committee,  drawn  up  by  the  late  Mr  Strickland, 
was  published  in  the  Proceedings  of  the  Association  for  that 
year.  In  1865  these  rules  were  amended  by  the  Association, 
under  the  reportership  of  Sir  W.  Jardine. 

The  rules  and  recommendations  comprised  in  that  report 
have  received  pretty  general  adoption  in  this  country,  and 
must  be  well  known  to  all  naturalists  who  have  made  much 
progress  with  their  studies.  Like  the  binomial  system 
itself,  I  must  maintain  that  they  have  worked  well,  and  for 
the  benefit  of  science.  But  they  have  not  been  in  every 
particular  followed  by  naturali^ts  abroad,  and  even  in  this 
country  we  often  hear  ominous  notes  of  dissent  as  to 
their  sufficiency  for  the  wants  of  the  science  of  the  present 
day. 

They  must,  however,  form  the  basis  for  all  subsequent 
attempts  to  rectify  the  subject,  and  consequently  I  shall 
adopt  them  as  the  text  for  most  of  the  few  remarks  with 
which  I  have  to  occupy  your  attention  this  evening. 

To  enter  into  every  intricacy  connected  with  the  subject 
would,  in  a  short  address  like  this,  be  not  only  impossible,  but 
also  unsuited  for  the  occasion.  I  must  therefore  content  myself 
with  touching  on  a  few  important  points,  concerning  which 
there  seems  at  present  to  be  some  diflference  of  opinion. 

The  British  Association  Eules  wisely  commence  by  recognis- 
ing that  a  scientific  name  is  only  a  name  like  any  other,  and 
not  a  condensed  diagnosis  or  description,  and  that  con- 
sequently inexorable  adherence  to  priority  in  generic  and 
specific  names  is  the  only  safe  and  effectual  rule.  Even 
names  whose  derivation  was  founded  on  mistaken  ideas  of 
structure  cannot  be  altered  upon  that  ground,  if  their  title  is 
otherwise  good.  M*Coy,  for  instance,  named  a  genus  of 
fossil  Brachiopoda  "  Athyris  "  (without  a  door),  in  the  belief 
that  no  foramen  existed  in  the  beak,  but  though  it  sub- 
sequently turned  out  that  a  foramen  was  present,  the  name 
Athyris  must  nevertheless  stand. 

The  claim  of  names  to  priority  does  not  extend,  however, 
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find  the  Turbot  designated  inWiUoughby's  "  Historia  Piscium," 
published  in  1686.  These  were,  indeed,  not  names  in  the 
proper  sense,  but  condensed  diagnoses.  It  is,  as  we  all 
know,  to  Linnreus  that  we  owe  what  is  known  as  the 
Binomial  system,  according  to  which  each  kind  of  oi^nism 
receives  two  namea,  the  first  of  which — the  generic  name — is 
that  of  a  genus  or  aaaemblage  of  kinds  of  animals  or  plants 
closely  resembling  each  other,  while  the  individual  species  is 
particularised  by  the  second  or  specific  name — as,  for  instance, 
Plmronedes  maximus,  the  Turbot ;  Pkiuronectes  platessa,  the 
Plaice. 

The  shortness  and  convenience  of  the  binomial  system 
ensui-ed  ita  universal  adoption,  but  the  want  of  agreement 
among  naturalists  as  to  definite  rules  for  working  it  out,  and 
their  frequent  ignorance  of  each  other's  works,  contributed 
towards  a  considerable  amount  of  failure  on  the  part  of  the 
system  to  secure  accuracy  or  iiniversality.  Synonymy,  or 
the  fact  of  oue  species  having  a  plurality  of  names  applied 
to  it  by  different  authors,  grew  apace,  and  became,  as  it  is  to 
this  day,  a  nuisance.  Some  amount  of  synonymy  cannot 
under  any  conditions  be  avoided;  it  is  indeed  conditioned 
by  the  progress  of  science,  which  often  renders  necessary 
the  sub-division  of  old  and  too  extensive  genera,  and  the 
rectification  of  both  genera  and  species.  But  that  synonymy 
should  be  allowed  to  extend  itself  indefinitely  and  heedless 
of  all  rule  or  principle,  constituted  indeed  an  obstacle  in  the 
way  of  accurate  scientific  work.  Ignorance  or  disregard  of 
books  published  in  another  country  might  indeed  be  expected 
at  a  period  when  the  intercourse  between  different  nations 
was  very  much  more  restricted  than  it  is  now,  and  in 
times,  too,  when  naturalists  felt  less  than  they  do  now  that 
they  form  a  brotherhood  united  by  ties  independent  of 
political  nationality;  but  on  what  principle,  it  might  be 
asked,  did  writers  sometimes  change  also  the  specific  names 
of  organisms  when  they  thought  proper  to  transfer  them  to 
other  genera?  and  other  instances  might  be  given  of  the 
arbitrary  way  in  which  names  given  by  one  writer  were 
dealt  with  by  others  comii^  after  him. 

To  endeavour  to  check  the  growth  of  unnecessary  synonymy, 
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and  as  far  as  possible  to  remedy  the  evils  already  created 
by  it,  a  committee  was  appointed  by  the  British  Associa- 
tion for  the  Advancement  of  Science  in  1842 ;  and  the 
report  of  this  committee,  drawn  up  by  the  late  Mr  Strickland, 
was  published  in  the  Proceedings  of  the  Association  for  that 
year.  In  1865  these  rules  were  amended  by  the  Association, 
under  the  reportership  of  Sir  W.  Jardine. 

The  rules  and  recommendations  comprised  in  that  report 
have  received  pretty  general  adoption  in  this  country,  and 
must  be  well  known  to  all  naturalists  who  have  made  much 
progress  with  their  studies.  Like  the  binomial  system 
itself,  I  must  maintain  that  they  have  worked  well,  and  for 
the  benefit  of  science.  But  they  have  not  been  in  every 
particular  followed  by  naturalists  abroad,  and  even  in  this 
country  we  often  hear  ominous  notes  of  dissent  as  to 
their  sufficiency  for  the  wants  of  the  science  of  the  present 
day. 

They  must,  however,  form  the  basis  for  all  subsequent 
attempts  to  rectify  the  subject,  and  consequently  I  shall 
adopt  them  as  the  text  for  most  of  the  few  remarks  with 
which  I  have  to  occupy  your  attention  this  evening. 

To  enter  into  every  intricacy  connected  with  the  subject 
would,  in  a  short  address  like  this,  be  not  only  impossible,  but 
also  unsuited  for  the  occasion.  I  must  therefore  content  myself 
with  touching  on  a  few  important  points,  concerning  which 
there  seems  at  present  to  be  some  diflference  of  opinion. 

The  British  Association  Eules  wisely  commence  by  recognis- 
ing that  a  scientific  name  is  only  a  name  like  any  other,  and 
not  a  condensed  diagnosis  or  description,  and  that  con- 
sequently inexorable  adherence  to  priority  in  generic  and 
specific  names  is  the  only  safe  and  efiectual  rule.  Even 
names  whose  derivation  was  founded  on  mistaken  ideas  of 
structure  cannot  be  altered  upon  that  ground,  if  their  title  is 
otherwise  good.  M*Coy,  for  instance,  named  a  genus  of 
fossil  Brachiopoda  "  Athyris  "  (without  a  door),  in  the  belief 
that  no  foramen  existed  in  the  beak,  but  though  it  sub- 
sequently turned  out  that  a  foramen  was  present,  the  name 
Athyris  must  nevertheless  stand. 

The  claim  of  names  to  priority  does  not  extend,  however, 


to  those  which  are  Pre-LinnEeaiij  and  the  12th  edition  of  the 
"  Syatema  Nature,"  published  in  1766,  in  which  the  binomial 
system  was  perfected,  is  chosen  as  the  limit.  It  is  true 
that  there  is  some  dispute  concerning  this  matter,  with 
which  we  are,  however,  not  vitally  concerned  at  present 

On  the  whole,  the  desirabiUty  of  strict  adherence  to  priority 
seems  to  be  very  generally  admitted,  though  now  and  again 
we  do  meet  with  instances  of  disregard  to  tliia  rule  in  cases 
where  there  is  really  no  need  for  uncertainty  as  to  its 
application.^ 

The  whole  principle  has,  however,  so  far  as  specific  names 
are  concerned,  been  recently  boldly  attacked  by  Mr  Seebohm, 
wlio,  in  the  introduction  to  his  "  History  of  British  Birds," 
maintains  that  the  specific  name  to  be  adopted  is  not 
necessarily  that  which  was  first  proposed,  but  that  which 
has  been  of te nest  used.  Mr  Seebohm's  names  are  all 
auciorum  plurimorum,  and,  "under  this  system,  no  new 
names  can  possibly  be  raked  up  and  applied." 

It  is  impossible  not  to  feel  some  amount  of  sympathy  with 
those  who  feel  unwilling  to  cast  aside  a  widely-known  name 
because  an  older  one  has  been  "raked  up,"  or  who  find, 
in  the  adoption  of  the  plurvmorum.  auctoram  principle,  the 
readiest  solution  of  all  the  disputes  as  to  the  identity  of 
species  imperfectly  or  erroneously  described  by  older  writers. 
But  surely  it  is  now  time  that  ornithologists  and  other 
specialists  had  arrived  at  some  conclusions  as  to  which  of 
the  names  given  by  those  old  writers,  have  thorough  claims 
to  validity; — if  not,  I  am  not  yet  convinced  that  it  is 
Utopian  to  hope  for  such  a  consummation.  In  any  case  I 
am  convinced  that  if  we  lose  our  hold  on  the  law  of  priority, 
we  shall  find  ourselves  plunged  into  dangers  far  more  s 

1  For  instance,  Profesaor  Misll  of  Leeds,  in  his  work  < 
publiabad  by  the  FalsoDtographical  Society  in  1S78,  proposea  to  unite  a 
nnmber  of  forms  of  Ceralodvs  descrihed  aa  distinct  species  by  Agassiz 
(Ceraiodus  aUu4,  emarginalus,  dadalita,  etc.)  into  one.  Now,  in  such  a 
case,  one  of  Agnssiz's  names,  the  first  according  to  strict  rule,  clearly  has 
priority  over  any  which  Mr  Uiall  could  devise ;  but,  nevertheless,  on  the 
inadmissibie  ground  that  Agossiz's  names  are  "too  descriptive,"  he  cajicels 
the  whole  of  them,  and  proposes  the  new  one  polymorphua.  This  name 
simply  cannot  be  recognised. 
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than  the  trouble  occasionally  arising  from  the  restoration  of 
old  names,  which  ought  in  reality  never  to  have  been  lost 
sight  of. 

But  what  is  necessary  to  secure  priority  ?  Not  merely  the 
giving  of  a  name  to  a  specimen  in  a  collection,  nor  even  the 
publication  of  such  a  name,  unless  there  be  also  published  a 
description  which  is  sufficiently  intelligible  and  definite  to 
enable  the  specialist  who  is  conversant  with  the  particular 
group  to  identify  the  form  in  question.  Some  would  also 
require  a  figure  to  be  given,  but  I  must  demur  to  that  being 
an  essential  condition.  No  doubt  a  figure  is  a  great  aid  to 
certainty,  but  so  in  a  much  higher  degree  is  the  ocular 
inspection  of  the  type,  which  must  often  be  resorted  to  when 
even  figures  fail.  But  MS.  names,  and  names  published 
without  descriptions  or  figures,  have  no  right  to  priority 
whatever.  Though  it  is  indeed  a  graceful  act  for  an  author 
to  recognise  and  adopt  MS.  names  when  he  has  the 
opportunity  of  describing  the  specimens  to  which  they  have 
been  applied,  they  cannot  possibly  stand  in  cases  where 
other  names  have  been  already  given  by  authors  independ- 
ently, and  published  with  descriptions.* 

The  next  question  is  —what  constitutes  publication  ?  And 
here  I  fear  that  some  confusion,  or  at  least  difference  of 
opinion,  exists  in  the  minds  of  many  people.  The  rules  of 
the  British  Association  demand  that  the  description  shall  be 
inserted  in  a  printed  book,  and  here  I  fully  agree,  with  the 
addition  that  the  printed  book  ought  also  to  be  had  for  sale. 
Many  people  hold  that  priority  may  date  from  the  reading 
of  a  paper  at  a  scientific  meeting,  even  though  it  might  not 
have  been  published  for  months  afterwards.  Well,  that  may 
do  very  well  as  far  as  the  general  credit  of  scientific  dis- 
covery is  concerned,  but  the  priority  of  a  name  is  not  a 
matter  of  credit,  but  of  rule.  Even  as  regards  credit,  the 
thing  is  not  satisfactory.    Could  we  ensure  that  all  scientific 

*  This  principle  does  not  seem  to  have  been  understood,  certainly  not 
accepted,  by  Mr  J.  W.  Davis  in  writing  his  recent  work  on  the  fishes  of  the 
Carboniferous  Limestone,  in  which  he  insists  on  restoring,  on  the  plea  of 
'Apriority,"  the  mere  MS.  name  Cladacanthiis parouioxiis  of  Agassiz  which  had 
been  quite  legally  superseded  by  the  name  Erismacanthus  Jonesii  given  by 
M'Coy. 
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societiea  througliout  the  world  would  insist  on  the  paper 
being  delivered  complete  to  tlie  secretary  before  it  is  read, 
and  would  forbid  all  subsequent  alterations  and  additions, 
something  might  be  said  on  behalf  of  this  view.  But  in  the 
case  of  only  too  many  societies,  the  author  may  retain  his 
MS.  for  weeks,  often  for  months  after  the  nominal  reading, — 
sometimes  only  a  few  words  of  extemporary  explanation, — 
has  taken  place,  during  which  time  he  is  at  liberty  to  cook 
it  as  he  chooses.  It  may  be  said  that  we  must  assume  all 
men  of  science  to  be  likewise  men  of  honour,  but  names  may 
be  inserted  into  a  paper  between  its  reading  and  publication, 
without  any  intentional  design  to  rob  others  of  their  right 
of  priority,  though  that  might  indeed  often  be  the  con- 
sequence if  priority  were  suffered  to  date  from  the  nominal 
time  of  reading. 

Before  leaving  the  subject  of  priority  I  must  allude  to 
the  practice  of  altering  an  old  specific  name  when  that 
name  has  been  elevated  to  the  rank  of  a  generic  one.  For 
example,  Gyprinus  carassius  of  LinnEeus,  the  Prussian  carp, 
received  afterwards  the  name  of  Carassius  rndt/aris  (Willeon), 
the  authority  of  LinnEcus  for  the  species  being  eousequentiy 
altogether  lost.  The  rules  nevertheless  in  1842  authorise 
such  a  change,  on  the  ground  of  the  inelegance  of  such  a 
combination  as  Carassius  earassius,  but  it  seems  to  me  that 
the  inelegance  is  of  much  less  importance  than  the  un- 
warrantable interference  with  the  law  of  priority  involved  by 
the  substitution  of  another  specific  name,  such  as  vulgaris. 
It  is  much  to  be  regretted  that  any  such  elevation  of  specific 
into  generic  names  was  ever  allowed  to  take  place  ;  and  in 
justice  to  the  British  Association  committee,  it  must  be  noted 
that  in  1842  they  strongly  discountenanced  the  continuation 
of  the  practice.  And  in-  the  revision  of  1865,  it  is  proposed 
in  such  cases  to  retain  or  replace  the  old  specific  names  and 
to  change  the  generic  ones. 

The  Committee  of  the  British  Association,  after  framing 
rules  for  the  rectification  of  previous  names,  proceeds  to  give 
a  series  of  recommendations  to  be  followed  as  a  guide  for  the 
future.  Some  of  these  call  for  no  special  comment  on  the 
present  occasion ;   others  do.      I  think  we  must  all  agree 
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with  recommendation  i,  which  deprecates  the  propounding 
of  names  of  "harsh  and  inelegant  pronunciation."  The 
outside  public  are  too  ready  to  denounce  as  "jawbreakers" 
even  really  elegant  names  of  classical  origin ;  how  they  can 
relish  such  terms  as  Enaliolimnosav/rus  crocodilicepludoides, 
which  the  committee  quote  as  an  example,  may  be  imagined! 
And  that  the  making  up  of  such  cacophonic  names  is  by  no 
means  a  thing  of  the  past,  any  one  may  convince  himself  by 
looking  into  some  of  the  biological  literature  constantly 
issuing  from  the  press.  Our  poet  laureate.  Lord  Tennyson, 
in  portraying  the  feelings  of  a  person  contemplating  a  lovely 
shell  which  he  has  picked  up  on  the  sea  shore,  makes  him 
say: 

"  What  is  it  ?  a  learned  man 
Could  give  it  a  clumsy  name. 
Let  him  name  it  who  can, 
The  beauty  would  be  the  same. " 

Scientific  names  are  indeed  not  given  to  organisms  with 
the  object  that  they  may  fit  into  lines  of  poetry,  or  indeed 
be  used  in  non-scientific  writing  at  aU;  but  at  the  same  time 
it  is  not  desirable  that  they  should  be  of  such  a  form  as  to 
outrage  the  susceptibilities  of  those  who  happen  to  possess 
musical  ears. 

But  I  am  not  so  sure  that  I  can  equally  well  agree  with 
them  in  their  denunciation  of  what  they  call  "nonsense 
names,"  that  is,  "names  coined  at  random,"  without  any 
derivation  whatever,  such  as  Assiminia^ox  Spisv,la,oi:  anagrams 
of  other  generic  names  such  as  Dacelo  from  Alcedo.  Most 
writers  who  have  occasion  to  propose  new  genera,  know  by 
sad  experience  the  difficulty  of  making  up  names  for  them 
from  their  Greek  dictionaries,  and  how  that  when  one  has 
fixed  upon  some  saUent  feature  demanding  the  institution  of 
the  genus,  and  compounded  a  nice  euphonious  name  to  express 
it,  one  is  pretty  sure  to  find,  on  testing  it  by  reference  to  the 
"  Nomenclator,"  that  it  is  long  ago  preoccupied  by  some  beetle 
or  bee,  or  something  of  that  sort.  In  fact  so  enormous  is 
the  number  of  genera  already  proposed,  that  imless  we  con- 
sent to  the  repetition  of  the  same  name  in  diJBferent  divisions 
of  the  Animal  or  Vegetable  Kingdoms,  the  difficulty  of 


devising  names  not  preoccupied  is  immense.  If,  then,  a 
person  with  a  good  musical  ear  invents  a  nicely  sounding  word 
of  classical  form,  aurely  it  is  as  good  as  some  cacophonoua 
"jawbreaker,"  whatever  be  its  derivation.  Here  my  feeling 
is  that  a.  name  is  a  name,  and  nothing  else. 

Another  ride  or  recommendation  in  the  first  set  of  rules  of 
1842,  to  which  I  must  take  exception,  though  nf'ter  all  the 
matter  is  not  one  of  very  vital  importance,  is  that  all  specific 
names  whatever,  even  if  derived  from  persons  or  places,  must 
be  written  with  a  small  initial  letter.  I  thoroughly  fail  to 
appreciate  the  use  or  advantage  of  this,  even  for  the  reasons 
given  by  the  committee,  and  it  does  look  very  ridiculous  to 
an  eye  accustomed  to  proper  names  being  spelt  with  a  capital 
in  all  European  languages,  to  meet  with  such  a  form  aa 
Aphrocallisles  hocag&i,  after  Professor  Bocage.  Although  by 
the  revision  of  1865,  this  rule  ceased  to  be  binding,  we  find 
it  still  extensively  adhered  to  by  naturalists  in  this  country. 

We  now  approach  a  subject  of  great  importance,  regarding 
which  the  greatest  difference  of  opinion  and  practice  exists 
among  naturalists,  that  is,  regarding  the  name  of  the  author 
to  be  placed  as  "  authority  "  after  the  double  name  of  a  plant 
or  animal.  Although  it  has  been  remarked  that  it  was  a 
"  Pandora's  box  let  loose  upon  science,"  when  the  practice  of 
appending  the  authority  to  a  name  was  introduced,  yet  the 
reason  for  doing  it  is  perfectly  obvious.  If  the  object  of 
scientific  nomenclature  is  to  secure  accuracy  and  precision, 
then  we  must  also  record  the  author  who  gave  the  name,  that 
in  case  of  any  uncertainty  or  dispute  we  may  refer  back  to 
his  description.  Here  there  would  be  no  difficulty  were  it 
not  that  the  progress  of  science,  as  already  mentioned,  so 
often  requires  subdivision  and  rectification  of  old  genera. 
Trichecus  rosmarus,  the  wabus,  is  T.  rosmarus  Linnceus,  and 
will  remain  so, — Linnseus  being  responsible  both  for  the 
species  rosmams  and  its  combination  with  Trichecus.  But 
when  a  species  originally  described  under  one  genua  is  put 
under  another  genus  by  a  subsequent  writer,  the  question 
arises  as  to  whose  name  is  to  be  appended  as  authority — 
that  of  the  original  describer  of  the  species  or  of  the  author 
of  the  new  combination  ?     The  plan  used  by  older  writers 
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was  in  all  cases  to  quote  the  author  of  the  combination  only, 
whether  he  was  the  original  describer  of  the  species  or  not, 
and  this  method  is  still  used  by  many  naturalists,  including, 
I  understand,  all  botanists.  But  the  plan  adopted  by  the 
British  Association  committee  was  in  all  cases  to  quote  only 
the  name  of  the  author  of  the  species ;  where,  however,  the 
species  had  been  removed  to  another  genus,  to  add  the  letters 
"sp."to  show  that  his  responsibility  stopped  with  the  species. 
The  reasons  given  are — 1st,  that  to  quote  the  then  authority 
for  the  new  combination  al(me  is  to  rob  the  author  of  the 
species  of  his  due  credit ;  2d,  that  "  by  giving  the  authority 
for  the  specific  name  in  preference  to  all  others,  the  inquirer 
is  referred  directly  to  the  original  description,  and  is  at  the 
same  time  reminded  of  the  date  of  its  discovery,  habitat^  etc., 
of  the  species,  while  genera  being  less  numerous  than  species, 
may  be  carried  in  the  memory  or  referred  to  in  systematic 
works,  without  the  necessity  of  perpetually  quoting  their 
authorities.**  Professor  Alexander  Agassiz,  in  his  intro- 
ductory remarks  to  the  Eevision  of  the  Echini,  takes  exception 
to  the  "  credit "  view  of  the  case,  and  says  that  the  author  of 
the  combination  is  quoted  simply  to  show  that  in  his  works 
the  placing  of  the  species  under  the  genus  will  be  found,  and 
that  in  the  table  of  synonyms,  which  he  will  probably  give, 
the  reference  to  the  original  description  will  be  found.  And 
our  friends  the  botanists  declare  that  to  call  a  plant  Semele 
afidrogyna,  Linnaeus,  is  an  untruth,  because  that  was  not  the 
name  given  to  it  by  Linnseus,  who  on  the  contrary  called 
it  Ribscus  androgynus, 

I  must  agree  with  Professor  A.  Agassiz  so  far  that  the 
question  of  "credit"  should  not  be  entertained,  and  I  con- 
sider that  its  introduction  by  the  Committee  of  the  British 
Association  was  a  mistake.  Though  it  may  be  very  right 
that  an  author  should  get  due  credit  for  what  he  has  done 
for  science,  yet  the  quotation  of  the  authority  for  a  name  is 
not  a  matter  of  credit,  but  of  precision  and  convenience. 
Nevertheless,  I  must  emphatically  take  the  side  of  the 
Committee  in  the  plan  which  they  proposed,  and  which 
has  met  with  approval  from  a  large  body  of  naturalists, 
especially  in  Great  Britain. 


iitingtoj. 

To  my  mind  the  real  and  essential  name  of  an  aaitnal  or 
plant  is  its  specific  one,  wbicb  ought  by  no  means  to  be 
called  a  "  trivial "  name  as  was  done  by  Linnteus,  and  the 
generic  name  is  simply  one  added  to  show  its  close  relation- 
ship to  allied  forma  as  well  as  its  distinction  from  other 
species  which  may  poaaesa  the  same  name.  We  might  also 
add  the  name  of  the  family,  order,  and  so  on,  but  this  would 
occupy  too  great  a  space,  and  ia  rendered  unnecessary  by  the 
law  which  forbids  the  use  of  generic  names  already  pre- 
occupied. 

It  is  true  that  this  view  of  the  case  is  somewhat  obscured 
by  the  fact  that  generic  names  are  always  substantive,  while 
specific  ones  are  usually  either  adjective  or  in  the  genitive 
case,  which  gives  an  appearance  as  if  the  real  and  fundamental 
name  of  the  organism  were  the  generic  one,  and  the  specific 
one  merely  added  to  designate  a  variety.  This  is,  however, 
a  purely  conventional  arrangement,  which  does  not  affect 
the  true  nature  of  the  case,  which  is  clearly  evident  when 
we  consider  that  the  name  of  the  species  is  by  the  rule  of 
priority  unalterable,  while  the  combination  is  not  subject  to 
any  such  law.  Hence,  in  testing  the  accuracy  of  any  identi- 
fication, it  is  fundamentally  necessary  to  go  back  to  the 
original  description  of  the  species,  all  subsequent  generic 
combinations  being  merely  expressions  of  the  opinions  of 
individual  authors  as  to  the  position  and  classification  of  the 
organism  in  question.  Accordingly,  considering  that  the 
specific  name  is  in  fact  ike  proper  name  of  each  organism, 
I  must  fully  agree  with  the  committee  of  the  British  Asso- 
ciation, that  the  authority  for  it  should  be  quoted  in  preference 
to  all  others ;  though,  as  is  also  recommended,  it  is  desirable, 
when  the  genus  has  been  subsequently  altered,  to  indicate 
this  by  adding  the  letters  "  sp.,"  or  by  placing  the  authority 
in  brackets. 

Furthermore,  I  consider  that  the  citation  of  the  author  of 
the  species  gives  the  expression  a  historical  value  which  other- 
wise it  would  not  have  if  every  author  who  chose  to  subdivide 
an  old  genus  is  at  liberty  to  put  his  own  signature  after  the 
new  combinations  he  has  produced. 

A  sort  of  compromise  has  been  recommended,  and  has 
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been  frequently  used — I  see  Mr  Hoyle  adopts  it  in  his 
"  Catalogue  of  British  Ophiuroidea"  which  has  just  appeared 
in  our  Proceedings — namely,  that  of  writing  the  authority  for 
the  combination  immediately  after  the  specific  name,  and 
besides  that  appending  the  name  within  brackets  of  the 
original  describer  of  the  species.  The  principal  objection 
which  I  have  to  this  plan  is,  that  I  consider  it  cumbrous  and 
really  unnecessary. 

Though  there  are  many  of  us  who  are  still  quite  content 
with  the  good  old  LinnsBan  plan  of  having  two  names  for 
every  organism,  there  are  others  who  are  not  quite  satisfied 
with  two,  but  in  some  cases  would  like  three,  if  not  four. 
Hence  the  discussion  on  "  trinomial  nomenclature "  which 
took  place  in  the  Natural  History  Museum  in  London  in 
June  last,  to  which  I  have  already  referred. 

Now,  there  are  two  kinds  of  trinomialism.  The  first 
works  by  the  institution  of  subgenera.  When  the  species  of 
a  large  genus  can  be  arranged  in  subordinate  groups,  sub- 
generic  titles  are  instituted  for  these;  and  each  of  the  species, 
except  those  of  the  typical  subdivision,  comes  to  have  three 
names — the  first  generic,  the  second  subgeneric  in  parenthesis, 
and  the  third  specific. 

To  this  I  feel  quite  averse,  as  being  an  unnecessary  inter- 
ference with  the  shortness,  conciseness,  and  convenience  of 
the  binomial  system.  If  the  groups  in  question  are  suflB- 
ciently  distinct  from  each  other — well,  that  is  a  case  for 
subdivision,  reserving  the  old  generic  name  for  the  typical 
group,  and  instituting  new  genera  for  the  others,  as  I  myself 
felt  constrained  to  do  with  the  genus  Palceoniscus  of  Agassiz. 
But  if  they  are  not,  I  see  no  adequate  reason  for  compli- 
cating our  good  old  system  by  sticking  in  a  third  name  in 
brackets,  though  in  systematic  works  or  catalogues  the 
species  under  any  genus  may  be  grouped  in  any  way  the 
author  pleases,  provided  the  type  species  comes  first. 

This  form  of  trinomialism  was  alluded  to  at  the  meeting 
at  the  British  Museum  by  Dr  Woodward,  and  defended  by 
him  on  the  ground  that  the  thorough  breaking  up  of  the  old 
genera,  such  as  Ammonites,  into  new  ones,  increased  the 
labour  of  the  student,  who  was  already  hampered  with  too 
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many  names;  and  so  the  insertion  of  a  third  name,  which 
might  not  be  insisted  on  as  a  matter  of  instruction,  was 
convenient.  Having  had  a  little  experience  both  of  being 
examined  and  of  examining  in  turn,  I  can  cordially  sym- 
pathise with  the  student,  preparing  for  his  trials,  in  any 
complaint  of  "  overpressure."  But  the  question  of  how  far 
he  ia  to  master  the  details  of  nomenclature,  or  how  many 
scientific  names  he  ia  to  cram  up,  seems  to  me  to  be  one  for 
the  teachers  and  examiners  rather  than  for  the  working 
scientists.  From  my  own  experience,  I  rather  fear  that  the 
ordinary  student  is  more  oppressed  by  the  recent  advances 
in  comparative  anatomy  and  embryology  than  by  the 
number  of  generic  names  whicli  he  has  to  learn. 

But  the  trinomial  system  chieily  discussed  at  the  meeting 
referred  to  is  not  connected  with  "subgenera,"  but  with 
"  subspecies."  Bearing  in  mind  the  only  practicable  defini- 
tion of  a  species,  namely,  a  form  which  has  not  yet  been 
positively  shown  to  intergvaduate  with  any  other — (if  we  are 
evolutionists,  we  believe  that  the  connecting  links  have  been 
lost ;  if  we  are  not,  we  believe  they  have  never  existed) — it 
has  long  been  a  recognised  fact  that  under  these  species 
subordinate  forms  or  "  subspecies "  occur,  often  distinct 
enough  when  extreme  forms  are  compared,  but  passing  into 
each  other  when  a  well-selected  series  is  put  under  observa- 
tion. These  "  subspecies "  belong  to  quite  a  different 
category  from  accidental  varieties  or  sports,  being  char- 
acteristic of  geographical  regions  where  they  breed  true, 
and  in  very  many  instances  have  been  named,  described, 
and  long  considered  as  true  species.  They  are,  in  fact,  in 
the  eye  of  the  evolutionist,  species  between  which  the  links 
have  not  been  lost 

That  these  are  facts,  and  that  their  expression  is  not 
provided  for  in  a  strictly  binomial  nomenclature,  is  acknow- 
ledged by  every  one ;  the  question  comes  to  be,  hnu  best  to 
give  them  expression  ?  Hitherto  the  usual  solution  of  the 
difficulty,  without  interfering  with  the  integrity  of  the 
binomial  system,  has  been  to  give  subspecific  or  varietal 
names,  and  to  append  them  to  the  proper  name  of  the 
species,  the  word  "  variety,"  contracted  "  var.,"  being  inter- 
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posed.  Another  way  has  been  long  ago  proposed  and  used 
by  some  naturalists,  and  has  lately  been  brought  into  con- 
siderable prominence  by  ornithologists  in  America,  especially 
by  Dr  Coues,  the  eminent  author  of  the  "  Key  to  the  North 
American  Birds."  This  plan  consists  in  omitting  the  term 
"  var.,"  the  subspecific  term  being  simply  added,  so  as  to 
become  an  integral  part  of  the  name  of  the  organism,  which 
accordingly  becomes  trinomial,  or  composed  of  three  words. 

Dr  Giinther,  for  instance,  in  his  "  Catalogue  of  Fishes,"  uses 
the  expression  Salmo  fario  gaimardi  to  designate  the  variety 
of  the  common  trout  characteristic  of  Scotland  and  the 
northern  parts  of  Europe,  while  that  of  England  and  the 
central  parts  of  Europe  he  calls  Salino  fario  ausonii. 

Example  of  birds,  from  the  beginning  of  Coues*  new 
"  Check  list "  of  North  American  birds : 

Turdus  migratorius,  Linn. — The  Eobin. 

„  „  propinquuSj    Eidgway  —  Rocky    Moun- 

tain Eobin. 
„  „  confinis  (Baird),  Coues — St  Lucas  Eobin. 

Of  course  there  are  two  primary  objections  to  this  plan, 
namely,  that  there  must  be  a  considerable  amount  of  arbi- 
trariness in  selecting  particular  varieties  or  subspecific  forms, 
as  requiring  or  worthy  of  a  third  authoritative  name;  and 
secondly,  that,  having  fixed  upon  these,  the  transitional 
forms  are  left  out  of  account.  To  meet  the  latter  objection, 
Mr  Seebohm  proposed  a  supplementary  plan  of  his  own, 
amounting,  in  fact,  to  a  quadrinomial  system.  That  is  to 
say,  in  order  to  indicate  and  include  the  intermediate  links 
between  two  subspecific  forms,  he  would  append  to  the  name 
of  the  species  two  subspecific  names  joined  by  a  hyphen. 

E.g.,  Cindus  aqtcaticus  melanogaster  (Scandinavia). 

melanogaster-dlhicollis  (W.  and  Central 

Europe), 
albicollis    (S.    Spain,    Algiers,    Italy, 

Greece). 
„  „         albicolliS'Cashminensis. 

„  „        leucogaster  (E.  Siberia). 

VOL.  VIII.  T 
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Ml^.,    Cmclua    a^tiaticus    leucogaster-caBhmlnenaia     {Central 
Siberia). 
„  „  cashmiriensis  (Cashmere,  S.  Siberia 

and  Mongolia), 
„  „  cashmineiuiis-soTdidas  (Altai). 

„  „  sordidus  (Thibet). 

Well — I  hai-dly  think  that  the  time  has  yet  come  for  any 
radical  interference  with  the  binomial  ayatem,  which  has 
worked  so  well  from  the  time  of  Linnaius  to  our  own,  not- 
withstanding all  its  defects.  No  doubt  if  the  doctrine  of 
descent  be  true,  and  if  we  had  the  whole  genealogy  of  living 
and  e.xtinct  forms  before  ua,  all  definition  of  species,  genera, 
families,  and  so  on,  would  be  absolutely  impossible;  not 
merely  the  binomial  system  would  be  found  insufficient,  but 
also  the  trinomial  and  even  Mr  Seebohm's  four  names  would 
fail  to  effect  their  purposa  It  ia  in  fact  the  imperfection  of 
the  record  which  enables  us  to  give  names  at  all,  and 
naturally  our  difficulties  increase  the  more  the  progress  of  ' 
research  among  recent  and  fossil  forms  brings  to  light  a  little  , 
more  of  the  record  previously  unknown  to  us. 

The  use  of  generic  and  specific  names  will,  however,  I  fear 
be  long,  indeed,  not  merely  practicable,  but  necessary,  and 
meanwhile  I  think  it  will  be  much  better  for  us  to  keep  to 
the  binomial  system,  and  to  limit  the  authoritative  names  to 
forms  which,  so  far  as  we  can  judge,  are  "  good  species,"  deal- 
ing with  sub-species  according  to  the  usual  plan  of  inserting 
contractions  for  the  terms  variety  or  sub-apecies. 

I  quite  understand  the  scope  and  limits  of  the  trinomial 
system  aa  advocated  by  Dr  Coues,  but  I  very  much  fear  that 
if  such  a  system  were  to  receive  the  authoritative  sanction  of 
naturalists  these  limits  would  not  be  observed  by  the  crowd 
of  name  manufacturers.  The  great  objection  to  introducing 
such  a  plan  at  present  is  its  certainty  of  abuse  by  incom- 
petent and  inexperienced  observers,  and  especially  by  that 
class  of  writers  whose  sole  function  in  life  seems  to  be  to 
invent  new  names  on  the  most  trifling  pretext  "  If,"  as  I 
observed  at  the  meeting,  "  the  binomial  system  is  at  present 
often  abused  by  such  people  for  the  creation  of  species  which 
have   no   existence   save   in  their  own   imaginations,  what 
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might  we  not  expect  them  to  do  if  the  adoption  of  a 
trinomial  system  afforded  them  further  scope  for  their 
faculties  ? "  If  the  system  could  be  brought  into  palaeontology, 
what  might  we  not  expect  of  people  who  make  new  species 
upon  broken  fish  teeth  ?  They  would  rush  at  the  new  system 
with  hungry  avidity,  and  the  results  might  not  conduce  to 
the  progress  of  science. 

Before  concluding  these  somewhat  rambling  remarks  on 
Nomenclature,  I  would  desire  to  say  a  few  words  on  a  some- 
what interesting  subject,  namely,  the  attempt  sometimes 
made  to  substitute  vernacular  names  for  Latin  ones  in 
systematic  Biology.  Here  I  shall  content  myself  with  our 
own  language,  and  the  subject  as  it  occasionally  manifests 
itself  in  English  books. 

Some  excellent  and  well-meaning  writers,  who  are  of 
course  well  aware  of  the  necessity  of  scientific  names,  never- 
theless seem  to  be  persuaded  that  these  names  act  in  deter- 
ring ordinary  people  from  the  study  of  Natural  History. 
Perfectly  aware  also  that  the  mass  of  organisms  known  to 
science  nevev  had  English  names,  and  that  the  names  of 
such  as  have  them  are  from  want  of  precision  useless  in 
scientific  work,  they  set  themselves  to  work  out  systems  of 
English  names,  which,  aiming  at  the  same  sort  of  precision 
as  the  Latin  ones,  shall  be,  like  them,  binomial  or  strictly 
generic  and  specific  in  form.  We  thus  have  systems  of 
names  made  up  in  which  ordinary  vernacular  names  are 
utilised  to  a  considerable  extent,  yet  of  course  it  is  con- 
stantly found  that  such  common  names  do  not  exist  at  all, 
or  if  they  do,  that  they  wiU  not  fit  in  with  the  scientific 
limitations  and  precision  of  the  various  genera  dealt  with, 
consequently  new  names  have  to  be  coined,  often  by 
anglicising  the  Latin  ones  or  by  translating  them,  or  by  adopt- 
ing them  bodily  as  English  words.  And  as  these  names  in 
imitation  of  the  scientific  ones  must  be  binomial,  animals 
and  plants  which  used  to  have  only  one  like  the  Jackdaw, 
must  needs  have  two,  so  we  must  say  the  Jackdaw  Crow ! 
The  result  is  a  set  of  names  which  are  mostly  as  unknown 
to  the  public  as  those  which  they  are  meant  to  replace. 

To  take  an  example  from  Botany,  the  late  Mr  Bentham  in  his 
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"  Handbook  of  the  British  Flora,"  a  work  "  specially 
to  assist  the  unscientific  botanist  in  the  deteriuiuation  of 
British  Plants,"  though  indeed  a  very  considerable  amount  of 
scientific  knowledge  is  necessary  to  rightly  understand  and 
use  the  terms  employed  in  the  descriptions,  has  made  up  a 
set  of  English  names,  to  which  be  gives  precedence  even  over 
the  Latin  ones,  and  in  framing  which  he  habitually  tlu-usts 
aside  the  real  vernacular  names  of  the  plants.  Thus  in 
order  that  the  species  of  Lychnis  may  have  a  common 
generic  name,  he  adopts  Lychnis  as  an  English  word,  and  so 
the  White  Campion  becomes  the  "White  Lychnis,  the  Eed 
Campion  the  Ked  Lychnis,  the  Corncockle  the  Corn  Lychnis, 
the  Ragged  Hobin  the  Meadow  Lychnis,  the  Common  Chick- 
weed  is  the  "  Chickweed  Starwort."  bat  as  the  Mouse-ear 
Chickweed  belongs  to  another  genus,  we  must  call  it  the 
"  Common  Cerast." 

Then  for  an  example  in  Zoology.  In  M'Gillivray's  "  British 
Birds,"  we  find  a  system  of  English  names  on  the  same 
principle,  where  the  Long-Eared  Owl  becomes  the  Mottled 
Tufted-Owl,  the  Short-Eared  Owl  the  Streaked  Tufted-Owl, 
the  Scops- Eared  Owl  is  the  Aldrovandine  Owlet,  the  Snowy 
Owl  the  Snowy  Day  Owl,  the  Little  Owl  the  Bare-toed  Day 
Owl,  and  so  on. 

The  great  objection  to  this  idea  is,  that  it  serves  no  purpose. 
When  we  talk  or  write  about  organisms  from  a  scientific 
point  of  view,  we  must  and  will  use  the  current  and 
authorised  scientific  nomenclature,  and  no  other  can  serve 
any  purpose  but  confusion.  And  when  we  talk  familiarly 
about  the  common  animals  and  plants  we  see  around  us,  we 
shall  certainly  continue  to  give  them  the  names  with  which  we 
have  been  familiar  from  our  childhood.  If  we  do  not  say 
Myosotis  palustris,  we  shall  certainly  say  Forget-me-not,  and 
never  think  of  using  such  a  term  as  "  Water  Myosote."  As 
no  rule  of  priority  or  of  universality  can  he  applied  to  these 
names,  they  are  useless  to  any  one  entering  on  the  scientific 
study  of  botany  or  zoology;  and  by  the  non-scientific  they 
never  will  he  either  used  or  understood. 

It  is,  however,  very  desirable  in  books,  museums,  and 
botanical  and  zoological  gardens,  to  append  also  the  real  and 
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well-recognised  English  names  where  such  exist;  and  where 
they  do  not,  it  may  be  occasionally  desirable,  as  well  as 
harmless,  to  coin  new  ones.  Occasionally,  also,  the  native 
names  of  important  foreign  species  may  be  given.  I  only 
protest  against  the  futility  of  attempting  to  imitate  or  supplant 
the  scientific  names  by  a  system  of  English  ones  invented 
and  cooked  for  the  purpose. 

Many  scientific  generic  names  of  plants  have,  of  their  own 
accord,  become  naturalised  in  our  English  speech,  such  as 
geranium,  rhododendron,  calceolaria,  but  in  some  cases  have 
become  attached  to  the  wrong  plant  in  the  most  absurd  way. 
Nasturtium,  the  generic  name  of  the  water-cress,  a  genus  of 
Cruciferse,  is  now  universally  applied  to  the  Indian  cress — 
Tropceolum  majus — a  member  of  a  perfectly  diflTerent  order, 
Tropseoliacese ;  while  Syringa,  the  generic  name  of  the  lilac, 
is  applied  as  a  familiar  term  to  the  mock  orangeblossom, 
Philadelphus  coronai*ia.  Against  such  misapplication  of 
terms  we  have  certainly  a  strong  right  to  protest. 

And  now,  gentlemen,  it  is  time  for  me  to  fulfil  the  duty  of 
resigning  this  Chair,  to  which,  three  years  ago,  you  did  me  the 
honour  of  electing  me  for  a  second  time — an  honour  for 
which  you  have  my  most  sincere  and  heartfelt  thanks.  To 
preside  at  the  meetings  of  the  Society,  from  which  I  derived 
my  first  idea  of  the  ways  and  doings  of  the  scientific  world, 
has  been  to  me  a  source  of  pride  and  satisfaction ;  and  I  can 
only  wish  for  the  Society  a  further  career  of  usefulness  and 
prosperity,  and  that  its  Chair  may  in  the  future,  as  in  the 
past,  be  occupied  by  a  line  of  Presidents  much  more  worthy 
of  the  honour  than  myself. 

XXI.  Method  of  Consolidating  and  Preparing  Thin  Sections  of 
Friable  and  Decomposed  Rocks,  Sands,  Clays,  Oozes,  and 
other  Oranvlated  Substances.  By  Fred.  G.  Pearcey, 
Esq.,  of  the  "  Challenger  "  Expedition.     [Plate  XI.] 

(Read  17th  December  1884.) 

During  the  cruise  of  H.M.S.  "  Challenger,"  a  laige  collec- 
tion of  oceanic  deposits  was  obtained,  among  which  were 
xuany  concretions,  soft  fossiliferous  limestones,  decompased 
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rocka,  pumice  and  manganese  nodules,  volcanic  dibria, 
minerals,  sands,  clays,  and  oozea.  On  examination  of  a 
great  many  of  these  specimens,  it  was  found  impossible 
determine  their  structure  accurately  without  making  trans- 
parent sections  of  them ;  and  on  account  of  their  extreme 
friability  this  was  found  quite  impossible  by  the  usual 
method  of  preparing  rock  sections,  namely,  by  the  lapidary's 
wheel  It  was  therefore  necessary  to  find  some  method  c 
rendering  them  hard  and  compact,  so  that  they  could  be  sub- 
jected to  this  process.  To  attain  this  end,  experiments  were 
made  with  various  suhstancea,  and  after  many  failures  and 
much  labour  a  method  was  devised,  which  has  proved  s 
cessful,  and  will  be  of  great  service  to  mineralogists,  geolo- 
gists, and  others  in  investigating  the  composition  of  soft 
rocks,  sands,  etc 

I  have  received  Mr  Murray's  permission  to  describe  the 
method  finally  adopted.  The  principle  of  the  method  con- 
sists in  the  introduction  of  aome  foreign  substance  to  cement 
the  grains  together,  and  make  the  niateiial  to  be  examined 
hari  and  compact,  before  it  can  be  ground  or  cut  into  thin 
and  transparent  seetiona.  The  method  is  carried  out  by 
soaking  the  substances  of  which  sections  are  desired  in  a 
solution  of  gum  copal  in  ether,  and  then  evaporating  the 
ether — a  method  which,  I  understand,  is  in  use  by  some 
naturalists  for  making  sections  of  the  hard  parts  of  Echino- 
derms. 

Preparation  and  Use  of  the  Cement. 
The  first  process  consists  in  preparing  a  solution  of  gum 
copal  in  ether.  Take  one-half  pound  of  the  best  gum  copal 
and  place  it  in  a  strong  glass  jar,  sufficient  to  hold  about  one 
quart,  which  must  have  a  finely  ground  stopper,  so  as  to 
make  it  perfectly  air-tight,  otherwise  the  ether  will  quickly 
evaporate  and  the  gum  copal  will  be  wasted ;  add  to  the 
gum  copal  about  20  fluid  ounces  of  ether  B.P.,  the  specific 
gravity  of  which  is  '735.  This  composition  should  stand  for 
at  least  two  days,  during  which  time  it  should  be  shaken 
frequently,  or  stirred  with  a  glass  rod ;  when  all  the  gum 
copal  is  dissolved,  it  should  form  a  clear,  thin,  transparent 
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liquid,  and  is  then  ready  for  immediate  use.  I  find  nothing 
else  will  dissolve  the  gum  copal  so  well;  other  things  which 
were  tried  only  caused  it  to  form  a  thick  white  gelatinous 
mass,  quite  unfit  for  the  purpose  required,  and  care  should 
always  be  taken  to  procure  the  best  gum  copal,  as  some 
kinds  dissolve  more  readily  than  others. 

The  substance  required  to  be  hardened  should  be  first 
well  dried  in  a  porcelain  dish  (PL  XI.,  Fig.  4,  a,  h)  upon  a  hot 
iron  plate  placed  upon  a  tripod  stand  over  the  flame  of  an 
ordinary  Bunsen  burner.  The  material  is  next  placed  in  a 
porcelain  crucible  (PI.  XL,  Fig.  3,  a),  varying  in  size  according 
to  the  amount  of  substance  required.  About  twice  the  volume 
of  the  solution  of  gum  copal  and  ether  should  then  be  poured 
upon  it,  always  taking  care  to  press  the  stopper  of  the  bottle 
well  in  afterwards.  This  part  of  the  work  should  never  be' 
done  near  a  fire  or  gas  light. 

The  crucible  containing  the  substance  is  next  placed  upon 
the  hot  iron  plate,  care  being  taken  to  have  a  slow  or 
moderate  heat  at  first,  and  to  allow  the  mass  to  simmer  till 
the  ether  has  partly  evaporated,  when  a  greater  heat  may  with 
safety  be  applied.  If  the  substance  be  a  fine  sand  or  ooze 
of  any  kind,  it  must  be  well  stirred  with  a  needle-point  or 
small  knife,  otherwise  it  will  stick  to  the  bottom  of  the 
crucible,  and  not  allow  the  gum  copal  to  mix  with  it.  If  the 
specimen  to  be  hardened  be  a  soft,  porous,  or  decomposed 
rock,  it  wiU  only  be  necessary  to  turn  it  a  few  times,  so  that 
the  solution  may  thoroughly  penetrate  all  the  pores.  Great 
care  must  also  be  taken  during  this  part  of  the  operation,  as 
the  cement  is  of  a  very  inflammable  nature,  and  therefore 
caution  is  essential  not  only  in  stirring,  in  consequence  of 
the  gum  having  a  tendency  to  stick  to  the  sides  of  the 
crucible,  but  also  in  removing  the  stirring-needle  to  avoid 
contact  with  the  flame.  To  prevent  overturning  the  crucible, 
a  strip  of  stout  tin,  slightly  narrower  than  the  depth  of  the 
crucible,  and  bent  round  so  as  to  make  one  end  overlap  the 
other,  so  that  the  crucible  fits  in  firmly  (PL  XI.,  Fig.  3,  6),  is 
very  useful.  This  keeps  it  perfectly  steady,  and  can  be  taken 
off  after  the  substance  has  been  boiled  sufficiently. 

After  nearly  all  the  ether  has  evaporated,  the  substance,  if 
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it  be  of  a  granular  nature,  should  form  a  thick  stringy  mass 
when  stirred,  and  the  operator  should  then  be  able  to  judge 
whether  sufficient  of  the  gum  remains  to  cement  the  grains 
together;  if  too  much  has  been  applied,  more  of  the  sub- 
stance and  a  small  quantity  of  pure  ether  must  be  added, 
and  the  whole  boiled  over  afresh.  This  mistake,  however, 
seldom  happens  after  a  little  practice.  When  there  is  a 
sufficiency  of  gum,  the  mixture  should  be  kept  boiling  and 
well  stirred  till  it  becomes  of  a  reddish  or  brown  colour ; 
sometimes  it  is  diflcult  to  discern  the  colour,  as  the  substance 
interferes  with  it,  but  it  can  be  seen  in  most  cases.  The 
operator,  however,  can  easily  ascertain  wliether  it  has  been 
sufficiently  boiled  and  has  attained  the  necessaiy  consistency, 
by  taking  a  little  out  on  the  point  of  a  knife,  and  rapidly 
cooling  it  by  pressing  against  some  cold  surface,  or  holding 
it  a  short  time  in  water.  If  it  hardens  immediately  it  has 
been  boiled  enough. 

The  crucible  can  now  be  taken  off  the  hot  plate,  and  while 
yet  warm  the  substance  should  be  scraped  out  with  a  knife, 
and  rolled  or  pressed  with  the  fingers  into  an  oblong  mass ; 
it  is  then  ready  for  moulding,  or  it  can  be  laid  aside  and 
moulded  at  any  time  by  gradually  softening  on  a  piece  of 
glass  or  in  a  porcelain  dish  upon  the  hot  iron  plate.  The 
moulds  are  easily  made  by  cutting  strips  of  ordinary  tin  four 
inches  long  and  three-q^uarters  of  an  inch  wide,  bent  tightly 
over  a  round  iron  rod  three-quarters  of  an  inch  in  diameter, 
a  small  slit  being  cut  on  one  side  of  the  tin  to  allow  the 
wire  connected  with  the  mould  to  sink  below  the  surface  of 
the  rim ;  this  permits  the  mould  to  stand  level  and  close  to 
the  glass  plate;  take  the  tin  off  the  iron  rod  and  bind  it 
firmly  round  with  fine  copper  wire ;  it  is  then  ready  for  use 
(PI.  XI.,  Fig.  1). 

Moulding. 

This  must  be  done  while  the  substance  is  quite  hot  and 
plastic.  First  put  a  piece  of  common  flat  glass  three  times 
the  size  of  the  cavity  of  the  mould  upon  the  hot  iron  plate, 
with  the  mould  on  the  top  and  the  notched  end  downwards, 
so  as  to  have  it  perfectly  flat  on  the  glass,  and  when  quite 


Mr  Pearcey  on  Prqparing  Thin  Sections  of  Friable  Rocks,  etc.  299 

hot  place  the  substance  in  the  mould  and  press  it  firmly  in 
with  the  presser  (PL  Xl.,  Fig.  2),  taking  care  to  let  as  little  as 
possible  of  the  substance  escape  from  the  bottom.  This  may 
be  to  a  great  extent  prevented  by  holding  the  mould  down 
with  the  back  of  a  knife  with  the  left  hand,  and  pressing  in 
the  substance  with  the  right. 

This  done,  take  the  whole  off  the  plate  smartly,  with  the 
glass  attached,  and  press  it  on  another  flat  slab  or  iron  plate 
with  the  left  hand,  and  with  the  right  pour  on  a  little  cold 
water,  when  it  will  immediately  set  hard.  Next  place  the 
whole  in  cold  water  for  two  or  three  minutes,  after  which 
the  piece  of  glass  at  the  bottom  can  be  knocked  or  broken 
off;  then  loosen  the  wire  which  fastens  the  mould  together, 
and  open  it  a  little  (PI.  XI.,  Fig.  1,  a);  the  moulded  substance 
will  then  drop  out  in  the  form  of  a  very  hard  mass,  and  is 
ready  to  be  cut  into  sections.  After  a  little  practice,  the 
whole  operation  can  be  done  in  an  hour. 

Preparation  of  the  Sections. 

Eub  down  and  polish  one  end  of  the  moulded  substance, 
first  upon  a  common  hone,  with  a  slow  equable  motion  and 
a  steady  pressure,  so  as  to  produce  the  desired  flatness  of 
surface,  and  afterwards  upon  a  Water-of-Ayr  stone  to  give  a 
fine  polish.  It  must  be  held  quite  flat,  so  as  to  prevent  the 
stones  from  getting  worn  into  a  hollow,  when  it  will  be  im- 
possible to  get  a  perfectly  flat  surface. 

The  desired  flatness  and  polish  having  been  secured,  pro- 
ceed to  cement  with  Canada  Balsam  the  polished  surface  on 
an  ordinary  glass  slide  3x1  inches,  or  according  to  the  size 
of  the  sections  required.  This  is  done  in  the  same  way  as 
with  hard  rocks,  but  great  care  must  at  first  be  taken  not  to 
have  the  slide  too  hot,  or  the  balsam  will  become  too  brittle. 
After  having  been  properly  mounted,  it  should  be  cemented 
round  with  a  composition  formed  of  four  parts  of  resin  and 
one  of  bees-wax,  melted  together  in  a  crucible  on  a  hot  plate, 
and  put  round  the  preparation  with  a  glass  pipette ;  when 
quite  cold  it  may  then  be  cut  with  a  lapidary's  wheel,  or 
ground  down  on  a  metal  plate  with  emery  powder.  The  slice 
remaining  on  the  slide  should  be  well  cleaned  and  rubbed 
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down  on  the  hone  to  tha  required  thinness.  This  part  of  the 
process  03  the  most  difficult,  The  slides  should  be  kept  aa 
flat  as  possible,  and  looked  at  frequently  with  the  micro- 
scope, so  that  the  first  indication  of  disruption  may  be  de- 
tected. The  proper  thinness  having  been  obtained,  the 
section  should  be  at  once  covered  with  a  glass  cemented 
with  balsam ;  but  considerable  practice  is  required  in  this 
part  of  the  work,  as  the  preparation,  being  very  thin,  is  liable 
to  be  broken  into  pieces  by  very  slight  overheating.  The 
superfluous  Canada  Ealsam  round  the  slice  should  be  first 
carefully  scraped  off  with  a  sharp-pointed  knife,  and  the  slide 
well  washed  in  spirit  of  turpentine,  using  a  camel-hair  brush 
to  clean  the  section  thoroughly.  A  little  Canada  Balsam 
should  then  be  dropped  upon  the  centre  of  the  section,  and 
a  clean  covering  glass,  heated  a  little,  should  be  laid  upon  it 
while  yet  warm  and  pressed  down  upon  it,  so  as  to  force  out 
the  air-bubbles  if  any  remain. 

The  slide  on  which  the  section  still  remains  should  not  be 
too  hot^  otherwise  the  gum  vrill  become  soft  and  the  prepaiu- 
tion  spoiled.  Several  preparations  may  be  quite  easily  made 
from  one  moulding,  and  when  mounted  labelled  and  laid 
aside  for  future  examination. 

Mineral  particles,  no  matter  how  small,  can  be  cut  into 
sections  in  the  manner  described. 
List  ( 


Articles  used  in  the  Peocess  of  Sectionihg, 
Moulding,  etc. 


Iron  tripod  stand,  9  x  9  in. 
C^t-iron  plate,   i  in.   thick,   9  in. 

long,  and  7  in.  wide. 
BunaeD'a  burner  or  Spirit-Lanip. 
Tin  monlds  ot  vaciona  sizea  (PI.  XL, 

Fig.  1 ;  1,  a). 
Tin    or    iron    crucible    standFi    bii{1 

holderfl(PL  XI.,  Fig.  3,  5). 
Large  mounted  needles. 
Fine  copper  wire. 
Fine  wire  gauze. 
Common  hone  fitted  with  wood. 
Water- ot- Ayr  atone. 
Hard  wood  or  iron  pressor  (PI.  XL, 

Fig.  2). 

Etiier,  B.P., 


Porcelain  crucibles, 
(PL  XI.,  Kg.  3.  «). 

Porcelain  dishes,  vari 
XI.,  Fig.  4,  a). 

Glass  rods. 

QlasB  tubing. 

Glass  slips. 

StnaU  steel  forceps. 
Caniel'hair  bmslies. 


Finest  gum  copal. 
Spirit  of  Turpentine. 
Canada  Balaam, 
(p.  Gr.  0-735. 
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XXII.  Exhibition  and  Remarks  upon  a  Specimen  of  Larus 
Kumlieni  {Brewster),  from  Cumberland  Inlet,  North 
America;  also  Specimens  o/Xema  Sabinii  (Sabine),  and 
other  Arctic  Gulls.  By  John  A.  Harvie-Brown,  Esq., 
F.R.S.E.,  F.Z.S. 

(Read  21st  January  1885). 

This  specimen  of  Larus  Kumlieni  was  shot  on  the  land  at 
Newgummiloak,— long.  64°  30'  W.,  lat.  64°  N.,  on  August 
20th,  1884,  by  Mr  John  Henderson,  who  is  employed  in  the 
whale  fishery  annually,  and  was  on  board  the  steam-whaler 
"  Maude,"  of  Dundee,  captain  John  Watson.  Others  of  the 
same  species  were  seen,  but  no  more  obtained.  The  young 
of  this  comparatively  newly  described  species  is  stiU  a 
desideratum  in  most,  if  not  in  all,  European  and  even 
American  Ornithologist's  Collections;  and  has  not  been 
described,  so  far  as  I  know. 

Larus  Kumlieni  was  described  by  Brewster  in  the  Bulletin 
of  the  "Nuttall  Ornithological  Club,"  1883,  p.  216;  and 
drawings  of  the  primary  wing-feathers  are  there  given.  A 
somewhat  interesting  account  of  its  plumage,  habitat,  and 
presently  known  range,  and  the  distinctions  between  it  and 
its  two  nearest  Arctic  allies— Z.  ylaucescens  and  Z.  leucopterus 
— follows.  The  habitat  therein  given  is  Cumberland  Inlet 
(atict.  Kumlien)  and  Greenland  (Bruch.),  migrating  south  in 
winter  to  the  Bay  of  Fundy  and  Grand  Menan.  After 
giving  dimensions,  and  noticing  the  distinguishing  characters, 
Brewster  says: — "In  many  respects  L,  Kumlieni  bears  a 
curiously  close  resemblance  to  L,  leiicopterus,  .... 
several  specimens  before  me  being  positively  identical  in 
general  colouring.  The  only  tangible  point  of  difference 
seems  to  be,  that  of  the  peculiar  wing-markings  of  L. 
Kumlieni,  This,  of  course,  is  conclusive ;  but  it  is  a  matter 
of  opinion  whether  it  indicates  a  stronger  afl&nity  with 
glaucescens.  ...  A  large  series  may  establish  a  com- 
plete intei-gradation ;  but,  on  the  other  hand,  my  light 
extreme  (the  type)  suggests  a  similar  transition  into  L, 
leucopterus!* 
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Mr  Brewster  considers  it  highly  improbable  that  it  ia  a 
hybrid  between  Imcopteiiis  and  glaucescms,  and  considers  it  a 
distinct  species,  "  intermediate  between  "  these  species,  "  but, 
perhaps,  more  neatly  allied  to  the  latter,  to  which  it  bears 
about  the  same  relation  that  leucoptei-us  does  to  glaucus,  the 
whole  forming  a  ^oup  of  gulls  of  high  northern  distribution." 

Aa  L.  Kumlieni  ranges  casterly-and-nortlierly  in  North 
America,  whilst  L.  glaucescens  is  its  more  westerly-and-northerly 
representative,  I  direct  the  attention  of  British  Naturalists  to 
these  specimens,  on  the  possible  chance  that  one  or  more  of 
the  former  may  yet  wander  Britain- wards,  in  company  with 
other  more  easily  recognised  species.  We  believe  that  this 
specimen  is  the  first  secured  to  a  British  collector,  and  I  at 
once  placed  it  (where  it  ought  to  be  placed)  in  the  collection 
of  Mr  Howard  Saunders,  our  gi-eatest  authority  on  this 
family. 

Mr  Saunders  informs  me — in  lit. — that  a  similar  style  of 
gull  has  been  found  in  Alaska,  but  of  large  size,  ranging  in 
the  group  between  Z,  glaucus  (the  larger)  and  L.  glaucescms 
as  regards  characteristics,  but  as  large  as  the  former.  This, 
Henshaw  has  named  Z.  Nelsoni} 

The  immature  birds  of  Kumlieni  are  very  dark,  thus  being 
more  allied  to  Z.  glaueescens  in  appearance.  Mr  Saunders 
has  seen  the  types  of  Kuvilieni  and  Nehoni,  and  they  appear 
— he  considers — to  be  "good."^ 


Xcma  Sabinii,  Sabiue's  Gull. 

The  two  specimens  shown  to-night — one  an  adult  male, 
and  the  other  an  immature  female  of  the  second  year — were 
procured  on  drift  ice  in  long.  60°  W.,  and  lat.  64'  N.,  by  Mr 
Henderson.  Another  adult  male  was  procured  by  Captain 
■\Valker  on  July  6th,  1884,  in  long.  83°  W.,  and  lat.  73°  N 


"Tha  Auk,"  1884,  p.  2S0. 
"There  isanotlifrandlesBaatiaractoiyapecies — L.  scMstasagtia  {Stejnegei) — 
op.  dt.,  "Auk,"  p.  231, — fiom  the  coast  of  Kamtsohatka  (which  has  nothing 
to  ilo  with  the  above  group),  which  Mr  Saunders  ia  Inclined  to  tljink  is  the 
Lama  affinU  of  the  Petehora  in  North  Russia  {vide  the  Ibis,  1876,  Seebohm). 
[I  mentiou  it  a^  an  Arctic  sjieeiea  in  this  connection.     J.  A.  Harvi«- Brown,] 


^ 


Mr  Harvu-Brovm  on  Specimens  of  Arctic  Gulls,  etc,    303 

It  is  exactly  similar  to  the  adult  exhibited  to-night.^  It 
would  thus  appear  that  the  area  frequented  by  this  species 
is  not  so  circumscribed  as  is  usually  supposed,  and  as 
recorded  by  naturalists ;  or,  it  may  be  possible  that  it  is  a 
comparatively  recent  species,  only  now  extending  its  in- 
fluence and  range — ^though  this  is  scarcely  likely,  if  we 
consider  that  it  is  a  species  of  very  marked  differentiation. 

Mr  Henderson  states  that  he  saw  "  many  Sabine's  gulls  " 
whilst  engaged  in  capturing  bottle-nose  whales  {Globi-  ' 
cepJuzltts  melas,  Traill),  and  that  wherever  these  whales  were 
encountered,  Sabine's  GuUs  invariably  put  in  an  appearanca 
He  is  of  opinion  that  the  same  circumstances  or  conditions — 
whatever  these  may  be — bring  them  together.  Unfortunately, 
he  neglected  to  examine  the  stomachs  of  the  gulls,  or  to 
compare  the  contents  with  those  of  the  stomachs  of  the 
whales.  This,  however,  he  will  attend  to  in  future  voyages, 
as  well  as  obtain  as  full  information  as  possible  in  regard  to 
the  range,  migrations,  food,  and  habits  of  this  interesting 
species.  Mr  Henderson's  father,  who  sent  me  these  gulls, 
says  that  he  has  tried,  until  he  is  tired,  to  get  the  whalers  to 
collect  information ;  but,  he  says,  "  they  seem  so  absorbed — 
ment^y  and  physically — ^in  blubber,  that  nothing  else  can 
be  squeezed  out  of  them."  It  is  therefore  doubly  interesting 
and  valuable  to  know  that  we  have,  at  least,  one  capable  and 
willing  collector,  in  the  person  of  Mr  John  Henderson,  who 
visits  regularly  these  high  Arctic  regions  in  a  whaler. 

In  conclusion,  I  wish  to  say,  that  very  possibly — nay, 
very  likely — the  obscurity  which  still  overhangs  the  subject 
of  the  limited  faunal  range  of  such  species  as  these  Arctic 
gulls — more  especially  such  as  Bhodostethia  Eossii  (the 
roseate  gull) — Sabine's  Gull,  and  besides  all  the  inter- 
grading  forms  of  the  white-wiTiged  family — glaiictos,  levr- 
copteruSy  glaucescens,  Kumlieni,  etc.,  etc., — ^may  yet  be  cleared 
off,  if  due  attention  be  paid,  not  only  to  their  distribution,  and 
migrations  and  food,  but  also  to  the  food  supplies  of  fishes 
and  cetaceae ;  and  to  their  range  and  migrations  throughout 
these  seas.     An  intelligent  comparison  between  the  dis- 

1 1  have  heard  of  several  others  in  1884,  but  have  no  particulars. 
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tribudonal  areas  of  entomostiuca  and  even  of  algsf ;  also  of 
food-fishes,  of  cetaceas,  aud  marine  inammals ;  and  of  Birds, 
iiiust,  at  some  uot  very  distant  date,  raise  our  present  know- 
ledge of  these  marvellona  natural  phenomena,  and  increase 
our  admiration  of,  and  veneration  for,  the  wondrous  infini- 
tude of  wisdom  displayed  in  creation,  and  in  creative- 
evolution.  Some  day — let  us  hope — we  may  be  able  to  place 
some  such  statistics  as  these  in  clear  and  definite  tabulation, 
so  that  "  those  who  run  may  read." 

Jn  conclusion,  I  take  the  opportunity  of  exhibiting  these 
specimens  of  birds ;  which  occurrences  bear  interest  in  con- 
nection with  Distribution  and  Migration — viz.,  («.)  "  Eecord 
Form  No.  1 "  ^  (as  appended),  a  Fork-tailed  Petrel  from  the 
Isle  of  May — "  Forth  " — (a  new  locality  recorded  for  the 
species) ;  (6.)  "  Record  Form  N"o.  2  "  (as  appended),  a  Little 
Gnll — Lariis  minutus — from  Ki ncardine- on- Forth ;  and  (c.) 
"  Record  Form  No.  3,"  a  Glaucous  Gull — Z.  glaucm — from 
the  same  locality. 

Exhibition  of  an  albino  Herring  Gull  (Larus  argentatus,  Lin.}, 
from  Spain. 
An  example  of  an  albino  Herring  Gull  (i.  argentattts) 
exhibited.  It  was  shot  by  Captain  Halsted  of  H.M.S. 
"Dauntless"  near  Lisbon  in  the  Tagus  in  1852.  Dr  Wood- 
cock of  Anstruther,  to  whom  it  belongs,  writes  me  that  it 
was  the  only  individual  amongst  a  large  number  of  Gulls. 
The  colour  of  the  eyes  were  not  noted,  and  Br  Woodcock 
says  that  any  notes  he  has,  are  not  at  present  accessible  to 
him.  The  rarity  of  albinos  amongst  Laridce — and  indeed 
amongst  most  water  birds — made  me  consider  this  lusus 
worthy  of  exhibition  to  the  Society.  It  had  previously  been 
identified  by  the  late  Mr  Gould,  in  London,  to  whom  Dr 
Woodcock  had  shown  it.  It  is  now  in  the  Collection  of  Dr 
Woodcock  at  Anstruther. 


'  Tkeae  Kecords  are  ia  coatinuatiou  of  luy  previous  Records  ol  Itaritics  ii 
the  PraceediTiga  of  thb  Society. 
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IlECORDa  OF  Rarities  Exhibited  to  tuk  Royal  Puybical  Society 
IN  1884-86. 
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REMARKS. 

No.  1,  FoTiK-TAiLEi)  rprrnBi. 

If  with  any  tttlier  spedea,  name  them  here  :— 

Other  East  Conat  Stations  wlipnca  wc  liav(^  records  of  thia  Bponics  nre 
GirdlenaBs  [are  No,  61. 

Destination  of  Specimen.— I ''1>'  of  Wny  Collection  (Cnrator,  Joseph 
Afinew). 

Name  of  Oapturer  and  Recorder.^!.  ABnowamlJ.  A.  HHrvi,>. Brawn. 
Footnote.  —  RemarkB  may  conEiist  of  any  further  Field  or 
Oablnet  Remarks  of  Collector  or  Recorder. 

No.  2.  Little  Dull. 

Myrifliia  of  other  species  of  GnlU  for  the  last  sin  weeks,  and  myriads  of 
"  Garviea"  or  Sprats  (CiupiMspraMus).  GnlU  i  Jen ti Bad  were  G.  B.  B.  Galls  ; 
Glancous  (Sahot— Evana  and  Harvie- Brown— »k  No.  3  below)  i  Herring  Gulls, 
Lesser  B.  B.  Gulls,  Kittiwakea,  Blaok-Headed  Gulls,  beeides  Little  Auka, 
Kaiorbills,  Puffins,  etc.,  onusoaliy  abundant  in  the  Firth. 

Shot  hy  Mr  J.  Wells,  Kincardine,  and  purchased  by  J.  A.  H.-B.  on  19tli 
December. 

Now  in  il/iw,— H.  W.  Feildon  and  J.  A.  Harvie-Hrown. 

Another  Bpeoimen  has  sincB  been  obtained  at  the  sanie  locality  by  Mr 
Evans.     Theae  are  the  first  reforiled  from  tlio  Firtli  of  Forth. 

No.  3.  Glaucous  Gull. 

Along  with  a  tew  of  its  own  and  thousands  of  other  Gulls  {see  No.  2). 
There  wei*  also  two  Great  Skuas  in  the  flight  {Leslris  ctitarracles). 

Shot  by  Mr  J.  Wells,  and  forwarded  to  J.  A.  Harvie-Brown. 

In  Mas. — Feilden  and  Harvie-Brown,     Kecijrded  by  J.  A.  H.-B. 

No.  4.  Blauk  Redstart. 

This  is  the  second  record  of  this  species  at  Pentlaiid  Skerries  ia  spring, 
aud  we  can  scarcely  doubt  that  it  is  a  regular  place  of  call  of  many  rare  or 
Continental  species  on  migration. 

Ho.  5.  Bl.iCK    KEnSTART. 

If  with  any  other  Bpecies,  name  them  here ;— Starlings,  Larka, 
and  Gold  Crests  at  lantern  previous  night,  and  rested  on  island  all  day ; 
Chaffinches,  2  Fieldfares,  and  about  40  Hooded  Crows  and  1  Carrion  Crow. 
Alt  appeared  to  come  from  the  south. 

This  Black  Eedstart  was  shot  on  the  top  of  the  wall  over  the  porch  of  the 
lighthouse  at  10  a.m.    Another  bird  of  the  same  species  was  observed  next  day. 


^ 
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No.  6.  Fork-tailed  Petrel. 

Caught  whilst  trying  to  alight  on  the  rail  beside  the  light  on  the  east  side 
of  the  lantern  about  midnight.     The  stomach  contained  nothing  but  an  oily 
substance  (Geo.  Sim,  Aberdeen,  in  lit.).      The  specimen  was  preserved  for 
'  *  a  gentleman  in  London  "  by  Mr  Geo.  Sim. 
Caught  by  Mr  M  *Alister ;  recorded  by  J.  A.  H.  -B. 

Note. — The  lately  discovered  breeding-place  of  this  species — North  Rona — 

may  possibly  have  been  (?)  the  starting-point  of  this  specimen. — J.  A.  H.-B. 

The  absence  of  notes  in  two  of  our  columns  is  to  be  regretted,  but  it  is 

hoped  that  our  lighthouse  reporters  will  attend  better  to  these  data  in  future. 

The  schedules  show  signs  of  improvement  annually. 

John  A.  Harvie-Brown, 

Member  of  Committee  on  Migration  of  Birds^ 

British  Association^  1 879-1 88S. 


XXIII.  Recent  Additions  to  the  Invertebrate  Fauna  of  the 
Firth  of  Forth.  By  J.  E.  Henderson,  Esq.,  M.B., 
Scottish  Marine  Station,  Granton. 

(Read  17th  December  1884,) 

The  following  species  of  invertebrates,  which  I  am  abont 
to  submit  to  the  members  of  the  Royal  Physical  Society, 
have  not  previously  been  recorded  from  the  Firth  of  Forth. 
With  the  exception  of  a  few  which  have  lain  unidentified  in 
my  collection  for  a  year  or  two,  they  have  all  been  taken 
since  last  August,  when  I  commenced  to  work  at  the  Granton 
Marine  Station,  where  the  facilities  for  collecting  are  of  a 
high  order.  The  record  of  Firth  of  Forth  invertebrates  is 
still  very  incomplete,  and  much  work  must  be  done  in 
many  of  the  groups — more  especially  the  Sponges,  Worms, 
Crustacea,  and  Polyzoa — before  the  list  can  be  said  to  be  a 
full  one. 

Most  of  my  attention  having  been  devoted  to  the  Crustacea, 
the  largest  number  of  additions  occurs  in  this  group ;  and  as 
both  Mr  Cunningham  and  I  have  made  extensive  gatherings 
of  Copepoda,  etc.,  I  hope  yet,  if  possible,  to  form  lists  of 
these  more  minute,  though  not  less  interesting,  organisms. 
My  warm  thanks  are  due  to  the  Rev.  A.  M.  Norman,  D.C.L., 
for  kindly  examining  many  of  the  species  in  the  list, — espe- 
cially among  the  Crustacea, — and  also  for  many  useful  hints 
on  the  identification  of  marine  invertebrates. 

VOL.  VIII.  u 
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In  all  cases  where  "  Newhaven"  is  given  as  the  locality, 
it  must  be  understood  that  the  speciniens  are  from  the 
fishermen's  lines,  and  probably  taken  to  the  east  of  the  May  _ 
Island. 

FORAMINIFERA. 

Aslrorhiza  limicola,  Sandahl. 

Half  a  mile  west  of  May  l3land,20  fathoms. 
Bottom,  sandy  mud.  October  7th. 
Mr  Pearcey  kindly  identified  my  speci- 
men. Tlie  species  has  been  previously 
recoi-ded  from  Dunbar  by  the  late  Prof. 
F.  M.  Balfour. 

POEIFERA. 

Ascandra  variabilis,  Haeckel, 

May  Island,  between  tide-marks  on  Clado- 
pJiora  nipestris  (J.  T.  Cunningham). 

Huberilti  {HyiHcniaddon)  jkiks  (Eaper.). 

Several  specimens  adhering  to  old  uni- 
valves, taken  in  the  trawl,  two  miles  east 
of  Inchkeith. 

Isodietya  fuc<yi-um  (Johnst.). 

On  Hydroids,  Newhaven.  Several  speci- 
mens dredged  north-east  of  Inclikeith. 

HYDEOIDA. 

Coryne  Vait,  Bmedenii,  Hincks. 

On  a  Sucdnum  shell,  tenanted  by  Eupa- 
gurus  hernhardiis,  taken  in  a  few  fathoms 
off  Granton  Quarry, 

Heterocordyle  Conyhearei,  AUman. 

On  old  shells  of  Aporrhais  and  Turriiella, 
west  of  May  Island,  20  fathoms. 

Campanularia  Hinchiii,  Alder. 

On  Hydroids,  Kirkcaldy  Bay. 

Haleeium.  ap. 

A  minute  form,  differing  from  all  pre- 
viously described  British  species.      It  is 
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distinguished  from  H.  tenellum,  which  is 
apparently  its  nearest  ally,  by  several 
characters  constant  in  all  my  specimens. 
The  reproductive  gonophores  have  not  yet 
been  found.  On  Hydroids,  taken  up  by 
a  "  long  line,"  60  miles  east  of  the  May 
Island. 
Sertularella  tenella  (Alder). 

Dredged  to  the  east  of  Inchkeith,  on  other 
Hydroids.  I  have  several  other  specimens, 
and  believe  this  species  to  be  not  rare  in 
the  Firth. 

VERMES. 

Tomopteris  sp.  (T,  onisdformis,  Eschscholtz  ?). 

Off  May  Island  in  surface-net,  November 
20th;  off  Inchkeith,  November  29th, 

^  Filograna  implexa  (Berk.). 

Large  masses  of  tubes  occasionally  brought 
in  by  the  Newhaven  fishermen. 
Most  of  the  Worms  we  have  taken  in  the 
Firth  have  not  yet  been  identified. 

PYCNOGONIDA. 

Nymphon  hirtum,  Kroyer  =  ?  iV.  hirtum,  0.  Fab. 

A  single  specimen,  half  a  mile  west  of 
May  Island,  20  fathoms ;  in  trawl,  east  of 
Inchkeith. 

N,  brevirostre,  Hodge. 

Occasionally  at  Newhaven. 

N,  grossipes,  0.  Fab. 

Newhaven,  not  uncommon ;  also  dredged 
in  several  parts  of  the  Firth. 
In  addition  to  these  Pycnogonids,  we  have 
at  least  two  other  species,  which  I  have 
not  yet  been  able  to  identify. 

^  I  find  that  this  species,  though  omitted  in  Messrs  Leslie  and  Herdman's 
list,  was  recorded  from  the  Firth  of  Forth,  by  Mr  W.  S.  Young,  in  Proc, 
Roy,  Phys.  Soc.,  1862. 
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CRUSTACEA. 

Ampbipoda. 
Hyale  Nilssoni   (Rathke)    (AUornhesies   A'ilssoni,    Bate   and 
Westw). 

Graiitnn  Quarry,   common;   May  Islanil, 

near  high  water. 
SlenotlioS  poUexiana  (Bate)  {Mon/affua  pdkxiana,  B.  and  W.). 

New  haven. 
Ampelisca  aequicomis,  Bruzel. 

West  of  May  Island,  20  fathoms. 
Iphimedin  obfsii,  Rathke. 

NewLaven,  many  specimens.     Divdyed  to 

east  of  Inchkcith. 
Phcnisa  liciispis  (KrOyer). 

Newhaveii. 
P.  fucicola.  Leach. 

With  tlie  laat. 
Calliopius  Mtlndahis,  Norman. 

Newhaven,  many  specimens.    Dredged  off 

Fidra,  12  fathoms. 
Aora  g^-acUis,  Bate. 

Newhaven,  many  specimens.     Both  sexes 

off  Fidra. 
Noenia  tuberculosa,  Bate. 

Dredged   to  the  east  of   Inch   Mickery ; 

also  south-west  of  Inchkeith. 
N.  excavata.  Bate. 

With  the  last,  in  both  localities. 
CoropMum  (enuicorne,  Norman. 

This  species  was  desciibed  by  Dr  Norman 

in  his  Report  on  Shetland  Crustacea  in 

the  British  Association  Report  for  1868. 

Two  specimens  alone  were  taken  in  St 

Magnus  Bay.     It  does  not  appear  to  have 

been   again   met  with   till   last  October, 

when    I   dredged   a  single   specimen   off 

Fidra  in  12  fathoms  water. 
Hyper ia  dblivia,  Kriiyer  (Bate  and  Westw.). 

Several  specimens  taken  free  in  the  tow- 
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net,  off  May  Island;  also  oflf  Inchkeith. 
There  appears  to  be  some  doubt  as  to 
whether  the  species  described  by  Bate  and 
Westwood  is  the  same  as  that  of  Kroyer. 
Froto  ventricosa,  Miill.  sp.  (P.  pedata,  B.  and  W.). 

Newhaven,  not  uncommon. 

ISOPODA. 

Tanais  vUtattis,  Eathke. 

May  Island  and  Dunbar,  about  half  tide, 
living  chiefly  among  mussels. 

Jaera  albifrons,  Leach. 

Common  at  the  May  Island,  Granton 
Quarry,  and  probably  many  other  places 
in  the  Firth,  under  stones  near  high- water 
mark. 

Idotea  linearis  (Penn.). 

Occasionally  at  Newhaven. 

CUMACEA. 

Diastylis  laevis,  Norman. 

OflFFidra,  12  fathoms. 
According   to    Dr    Norman   this   is    the 
commonest  Diastylis  in  our  seas.      The 
Alauna   rostrata  of  Goodsir  is  perhaps 
referable  to  this  species. 

SCHIZOPODA. 

Nyctiphanes  (Thysanopoda)  Norvegica  (M.  Sars). 

Many  specimens  taken  in  the  surface-net, 
north-east  of  Inchkeith,  29th  November ; 
one  or  two  in  the  same  locality  a  few  days 
subsequently.  All  the  specimens  small, 
and  many  immature. 

Podopsis  Slabberi  (Van  Ben.). 

This  species,  not  previously  recorded  from 
the  British  seas,  was  first  taken  by  Mr 
Cunningham  and  myself,  in  the  surface- 
net  below  Grangemouth,  on  October  8th. 
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I  have  since  taken  many  specimens  close 
inshore  nearGranton  Quarry, also  between 
Inch  Mickery  and  Inchkeith. 
It  was  originally  described  by  Van  Bene- 
den  in  his  "  Hecherchea  sur  la  faune 
litterale  de  Belgique,"  and  is  figured  and 
described  more  recently  by  Prof.  G.  O. 
Sara  in  hia  monograph  of  the  Korwegiaii 
Mysidie. 

Decapoda. 

mppolytc  piisiola,  Kroyer  {H.  Aiidrewsii,  Kin, ;  H.  BarUvi, 
Bate). 

Newhaven. 

Eupngurns  pvhescenx  (KroyerJ  (Pat/nnis  Tkompsoni.  Bell). 

West  of  May  Island,  20  fathoms.  The 
variety  without  hairs  on  the  chelte  was 
taken  two  miles  east  of  Inchkeith.  Speci- 
mens change  to  a  beautiful  red  colour 
when  preaeiTed  in  Bpirita  for  a  short  time. 

POLYZOA. 

Membranipora  Dv,merilii  (Andouin). 

South  of  Inchkeith,  12-16  fathoms;  com- 
mon on  old  bivalves. 

Cribrilina  annulala  (Fabr.). 

With  the  last ;  on  old  bivalves. 

Porella  coneinna  (Busk). 

On  Mytilus  jRodiotus,  Newhaven,  1883. 

Diastcpora  obelia  (Flem.). 

Eather  common  on  Mytilus  modiolus, 
brought  in  by  the  Newhaven  boats. 

MOLLUSCA. 

Pecten  strialus,  Miill. 

Single  valves  at  Newhaven  rarely,  and 
dredged  off  May  Island.  A  living  speci- 
men south-east  of  the  Baas  Kock,  16 
fathoms. 
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Astarte  stdcata  (Da  Costa)  var.  Scotica, 

Newhaven  not  common. 
Tellina  pttsilla,  Philippi. 

A  single  valve  west  of  May  Island,  20 

fathoms. 
Lyonsia  Norvegica  (Chemn.). 

A  single  broken  valve  at  Newhaven. 
Odostomia  rufa  (Philippi)  var.  fulvo-cincta  (Thomps.). 

One  living  and  several  dead  specimens, 

west  of  May  Island,  20  fathoms. 
Natica  Montacuti,  Forbes. 

Living  specimens  rather  rare  at  Newhaven ; 

west  of  May  Island,  dead. 
There  was  also  exhibited  a  glass  float,  which  had  been 
sunk  accidentally  to  the  bottom  of  Granton  Quarry — in  salt 
water — for  a  few  months.  It  was  partly  covered  with  As- 
cidians,  including  several  large  specimens  of  Ascidia  scahra, 
Mull. 


XXIV.  On  Loligopsis  and  some  other  Genera.  By  William'  E. 
HoYLE,-Esq.,  M.A.  (Oxon.),  M.RC.S.,  F.E.S.E.,  Naturalist 
to  the  "  Challenger  "  Commission. 

(Read  17th  December  1884.) 
[Published  hy  permission  of  the  Lords  Commissioners  of  the  Treasury.] 

An  attempt  to  deal  with  the  numerous  and  somewhat 
heterogeneous  forms  which  have  at  various  times  and  by 
different  observers  been  referred  to  the  genus  Loligopsis 
hardly  requires  any  apology.  If  any  were  needed,  it  would  be 
sufficient  to  say  that  18  species  have  been  at  different  times 
so  placed,  and  that  by  different  observers  these  forms  have 
been  referred  to  no  less  than  eight  distinct  genera,^  and  that 

1  Since  this  paper  was  read,  Dr  Pfeffer  {Ahhandl.  Naturvnss.  Verein  Ham- 
burg, Bd.  yiii.,  Heft  2,  1884)  has  added  another  species  to  this  list,  and  one 
more  to  the  number  of  genera  in  which  the  previously  described  species  have 
been  placed.  Of  Dr  PfefFer's  Loligopsis  Schneehageni,  I  can  only  at  present 
remark  that  it  seems  to  me  to  have  no  claim  to  stand  in  that  genus  as 
defined  by  Lamarck  ;  if  the  genus  be  taken  as  defined  by  d'Orbigny,  then  its 
proper  position  would  most  likely  be  the  genus  Ta>onius,  but  there  are  some 
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the  most  recent  authorities  are  far  from  being  in  accord  as 
to  their  proper  positions. 

LOLIGOPSIS,  Lamarck,  iyi2. 

Loligopai*,  Lamarck. 

„  (patsji  d'Orbigny,  Tryon,  de  Koehabmno. 

The  genus  Loligopsis  waa  founded  by  Lamarck  for  the 
reception  of  a  species  observed  and  drawn  by  Peron  and 
Lesueur.  Only  two  facts  are  known  to  U3  about  this  crea- 
ture— (1.)  it  had  eight  arms,  (2.)  it  resembled  Sepiola,  except 
that  its  fins  were  rhomboidal  and  not  rounded — but  these 
are  i^uite  sufficient  to  show  that  it  had  but  little  reaemblanct 
to  the  forms  which  have  been  called  Loli/)opsis  by  aubaeciueiit 
writers. 

In  1839  d'Orbigny  took  Lesueur's  Loligo  pavo,  named  it 
Loligopsis  pavo,  and  then  proceeded  to  draw  up  a  full  generic 
diagnosis  based  upon  this  specimen  and  upon  another  which 
he  erroneously  regarded  as  belonging  to  the  same  species 
(seeposiea).  With  regard  to  L.  Peronii,  he  naively  says — 
"  ilans  tons  les  caa,  j'ignore  si  cette  espece  eat  ici  bien  i  sii 
place ; "  but  as  Steenstrup  aptly  remarks — "  since  L.  Perovii 
is  the  type  it  must  he  in  its  place  in  the  genus  Lolvjopsis,  and 
it  is  the  other  species  which  are  out  of  place." ' 

The  type  species  does  not  appear  to  have  been  observed 
again,  so  that  for  the  present  the  genus  Loliyopsis  admits  of 
no  adequate  diagnosis,  and  must  therefore  be  used  in  no 
other  sense  than  as  containing  simply  the  tyjie  species.  It 
has  been  suggested  that  L.  chrysophtalmos  (Tilesius)  is  nearly 
allied  to  it,  and  judging  from  the  figure,  which  represents  a 
Sepiola-\ike  animal  with  eight  arms,  this  seems  possible. 

Loligopsis  Peronii,  Lamarck,  1812. 

1812.  Loligupsia  Peronii,  Lamarck,   Eitrait  de  sou  Coura  de  Zool.,  p.  133 

[JUUA'OTh.). 
1821.  Sepia  sepiola{1),  Lesueur,  Joiim.  Acad.  Nat.  Sci.  Fbilad.,  vol.  ii.,  p.  100. 
1821.       „     minima  {1),  Id.,  Ibid. 

poiuts  in  the  description  which  iudicatb  that  it  may  ru^uire  the  erection  of 
a  new  gemia  for  its  reception. 
'  Overblik,  p.  86  (18). 
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1822.  Loligopsis  Peroniif  Lamarck,  Anim.  s.  Vert.,  t.  vii.,  p.  660. 

1823.  Loligo  ,,        Blainv.,  Journ.  de  Phys.,  t.  xcvi.,  p.  124. 
1845.  Loligopsis      ,,        d'Orb.,  C^ph.  Ac^t,  p.  323;  Moll,  viv.,  p.  372. 
1861.         ,,               ,,        Steenstrup,  Overblik,  p.  85  (17). 

1879.        ,,  ,,        (pars),  Tryou,  Man.  Conch.,  p.  164. 

1882.         „  „        Verrill,  Ceph.  N.  E.  Amer.,  p.  125. 

1884.         ,,  ,,        Rochebr,,  Monogr.  Loligopsidse,  p.  16  (8). 

As  above  mentioned  this  is  the  type  of  the  genus,  and 
although  de  Blainville  {loc.  cit.)  has  supplied  a  few  details 
(triangular  shape  of  the  fins  separately,  gelatinous  translucent 
opaline  appearance  of  body)  not  given  by  Lamarck,  it  seems 
quite  possible  that  the  species,  if  again  discovered,  will  not 
be  recognised ;  and  it  seems,  therefore,  that  the  best  course 
would  be  to  allow  this  species  to  remain  as  a  doubtful 
quantity  for  naturalists  to  pursue,  but  with  which  nothing 
can  be  done  at  present.  This  course  is  suggested  by  Pro- 
fessor Verrill  {loc,  cit),  and  it  was  also  that  adopted  more 
than  twenty  years  ago  by  Professor  Steenstrup,  our  greatest 
living  authority  on  the  Cephalopoda.^ 

Taonius,  Steenstrup,  1861. 

Loligopsis  (pars),  d'Orbigny,  Tryon,  de  Rocliebrune,  etc. 
DesmoteuthiSf  VeVrill. 
Procalistes,  Lankester. 
Phasmatopsis,  de  Rochebruue. 

The  genus  Taonius  was  established  by  Steenstrup  in  1861 
to  include  Loligo  pavo,  Lesueur,  and  a  new  species  from 
Greenland,  which  he  called  ToAmius  hyperhoreus.  So  far  as  I 
am  aware  no  diagnosis  of  this  genus  has  ever  appeared  in  the 
English  language,  and  I  shall  therefore  commence  by  trans- 
lating Steenstrup*s  original  description. 

In  the  first  place,  the  whole  family  Cranchiseformes  is 
characterised  thus :  "  The  mantle  is  firmly  united  with  the 
head  at  three  separate  points — namely,  directly  in  the  dorsal 
median  line,  and  indirectly  by  means  of  the  funnel  on  either 
side  of  it,  where  there  is  usually  a  movable  sliding  cartila- 
ginous articulation  or  hook  in  other  Cephalopoda."  ^ 

Then,  under  the  heading  Taonius  hyperhorevs,  he   adds: 

1  Overblik,  p.  86  (17).  ^  75^,^  p  70  (2). 
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"  As  soon  as  the  relations  of  the  tentacles  and  the  strnctuTc 
of  the  arms  in  the  genus  LAoehia  are  carefully  considered,  it 
is  obvious  that  Loligopsis  pavo,  Lesueur,  and  Leachia  hyper- 
horea,  Stp.,  which  have  hitherto  been  referred  to  it,  must 
form  a  separate  group.  For  in  addition  to  the  fact  that  the 
latter  species  has,  and  the  former  seems  to  have  had,  tentacles, 
both  have  narrow  elongated  fins,  which  extend  along  a  lat^e 
portion  of  the  body,  and  are  strikingly  characterised  by  their 
enormous  eyes,  which  almost  meet  on  the  ventral  surfa 
and  by  a  funnel,  which  is  shorter  and  smaller  than  that  of 
Lmchia.  The  gladius  agrees  very  well  with  that  of  other 
Cranchias,  hut  may,  on  the  whole,  be  described  as  expanded 
at  the  inferior  extremity." 

"  The  generic  name  Taoniua  is  chosen  more  especially  with 
reference  to  the  longest  known  species,  whose  beautiful 
coloured  spots  suggested  th&  specific  name  pavo ;  how  far 
similar  spots  may  have  been  present  on  the  body  of  my 
species  hyperboreus,  I  cannot  say.  ...  In  case  a  division 
of  the  genus  should  become  desirable,  I  regard  the  older 
species  Lol,  pavo,  Lea,,  as  the  type." 

It  appears  from  these  passages  that  Steenstrup  regarded 
Loligo  pavo,  Lesueur,  as  the  type  of  his  genus,  and  he  did 
not  consider  it  essential  to  make  a  long  and  detailed  state- 
ment of  its  characters,  because,  as  we  have  just  seen, 
d'Orbigny  had  already  done  this  when  he  made  the  same 
species  the  basis  of  his  definition  of  the  genus  Loligopsis ;  in 
other  words,  Steenstrup's  Taonius  la  practically  identical 
with  d'Orbigny's  Loligopsis.  It  is  of  great  importance  that 
this  should  be  clearly  understood,  because  in  1882  Professor 
A.  E.  Verrill  constituted  *  a  new  genus,  De&moteuthis,  based 
upon  a  specimen  captured  near  the  northern  edge  of  the 
Gulf  Stream,  which  he  erroneously  regarded  as  identical  with 
Taonius  hyperboreus,  Steenstrup.  Another  species,  I),  tenera, 
Verrill,  which  is  possibly  identical  with  T.  hyperloreus,^  has 
since  been  added  to  the  genus. 

The  most  striking  character  in  the  generic  diagnosis  is 

"  Anterior  edge  of  the  mantle  united  directly  to  the  head,  on 

the  dorsal  side,  by  a  commissure,  so  that  there  is  no  free 

'  Cepli.  N.E.  Amer.,  p.  216.  '  Ibid.,  p.  112. 
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edge  medially;  .  .  .  two  additional  muscular  commis- 
sures unite  the  lateral  inner  surfaces  of  the  mantle  to  the 
sides  of  the  siphon."  This  may  be  compared  with  the  first 
sentence  translated  above  from  Steenstrup,  and  with  d'Or- 
bigny's  description  of  his  genus  Loligopsis^  in  which  occur 
the  following  words :  "  Appareil  de  resistance  consistant  en 
trois  larges  brides,  ou  attaches  fixes,  places  au  bord  mSme  du 
corps,  qui  le  lient  intimement  k  la  tete.  Tune  cervicale  ou 
dorsale  k  Textremit^  de  la  saillie  m^diane  de  la  coquille. 
Les  deux  autres  lat^rales  inf^rieures  au  lieu  ou  est  ordinaire- 
ment  Tappareil  inf^rieur  mobile."  It  seems  almost  impossible 
to  resist  the  conclusion  that  he  means  hereby  to  describe  a 
precisely  similar  structure ;  furthermore,  in  the  drawing  of 
his  Z.  'pavo?  the  dorsal  margin  of  the  mantle  is  shown, 
extending  on  to  the  head  behind  the  eye.  The  remainder  of 
the  definition  of  Desmoteuthis  sounds  almost  like  a  translation 
of  that  of  Loligopsis,  and  nowhere  are  they  in  contradiction, 
as  any  one  may  see  who  reads  them  side  by  side. 

It  would  appear,  then,  that  what  has  been  already  published 
is  sufficient  to  show  that  Desmoteuthis  must  be  regarded  as  a 
synonym  of  Taonivs,  but  in  addition  to  this  I  have  recently 
had  the  opportunity  of  examining  the  following  specimens 
belonging  to  this  genus : — The  type  specimens  of  Taonivs 
pavo  and  of  T,  cyrfwctypm  in  the  Paris  Museum,  that  of 
Taoniiis  hyperboreus  in  the  Copenhagen  Museum,  and  a 
somewhat  mutilated  specimen  of  the  same  species  in  the 
"Challenger"  Collection;  a  specimen  of  an  unpublished 
species  which  Professor  Steenstrup  proposes  to  call  T,  elon- 
gatus;  and  two  specimens  of  another  new  species  in  the 
"  Challenger  "  Collection. 

On  the  basis  of  this  material  I  have  drawn  up  the  follow- 
ing description  of  the  genus,  which  will,  I  think,  leave  no 
doubt  as  to  its  identity  with  Desmoteuthis : — 

Body  elongated,  semi-transparent,  head  comparatively  small, 
eyes  prominent,  sometimes  very  large. '  Mantle  united  wUh  the 
hack  of  the  head  by  a  firm  band,  which  widens  posteriorly,  the 

iC^ph.  Acet.,  p.  320;  Moll,  viv.,  p.  368. 

'  Ceph.  Acet,  pi.  iv.,  fig.  1 ;  Moll,  viv.,  pi.  xxiii.,  fig.  6. 
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surface  of  the  hack  either  directly  continuoics  with  that  of  the 
head,  or  marked  off,  if  cU  all,  by  an  eaxeedingly  slight  fold. 
Mantle  also  connected  with  the  body  at  either  side  of  the  base  of 
the  funnel.  Funnel  devoid  of  a  valve,  but  'possessing  VerrUVs 
organ}  Fins  meeting  at  the  posterior  end  of  the  body  usually 
in  a  point.  Arms  short  compared  with  the  body,  furnished 
with  two  rows  of  globular  suckers.  Tentacles  present,  and  bear- 
ing four  rows  of  suckers  on  the  distal  extremity  (T.  pavo 
doubtful  as  regards  the  last  point,  owing  to  mvlilalion), 
Gladius  long  and  narrow,  somewhat  expanded  towards  the  fins 
and  forming  a  hollow  pointed  cone,  behind. 

Taonius  pavo  (Lesueur),  Steenstrup. 

1821.  LoligopavOf  Les.,  Journ.  Acad.  Nat.  Sci.  Philad.,  vol.  ii.,  p.  96,  pi. 

1823.       ,,         „     Blainv.,  Journ.  d.  Phys.,  t.  xcvi.,  p.  133. 

1839.  Loligopsis  pavo  {pars),  d'Orb.  et  Fer.,  C^ph.  Ac^t,  p.  321,  Calmars. 

pi.  vi.  (exc.  fig.  4),  Loligopsis,  pi.  iv.,  figs.  1-8. 
1849.  „  „     Gray,  B.  M.  C.  Moll.,  part  i.,  p.  40. 

1861.   Taonius        „     Stp.,  Overblik,  pp.  70  (2),  84  (16). 
1879.  Loligopsis     „     Tryon,  Man.  Conch.,  p.  163. 
1882.   Taonius        ,,     Verrill,  Ceph.  N.  E.  Amer.,  p.  130. 

DesmotetUhis  hyperborea  {!),  Id,,  Ibid,,  p.  126. 
1884.  Loligopsis  pavo,  Rochebr.,  Monogr.  Loligopsidee,  p.  13  (5). 

As  above  mentioned,  this  is  the  type  of  the  genus  Taonius, 
It  has  also  been  described  at  considerable  length  by  d'Orbigny, 
and  with  a  considerable  amount  of  illustration ;  but,  unfor- 
tunately, he  has  based  his  description  upon  two  specimens 
which  are  by  no  means  identical,  a  fact  which  was  first 
pointed  out  by  de  Eochebrune  (loc.  cit,),  who  has  entered  one 
of  them  in  his  Monograph  as  Loligopsis  pavo  (the  type  of 
Lesueur),  the  other  (the  specimen  from  Madeira)  as  Phasma- 
topsis  cymoctypus. 

It  becomes  therefore  essential  to  inquire  what  parts  of 
d'Orbigny's  description  refer  to  each  several  specimen,  and, 
thanks  to  the  courtesy  of  Dr  de  Eochebrune,  I  am  able  to 
give  some  information  on  this  head. 

1  By  this  name  I  denote  an  apparatus  which  has  been  found  in  every  species 
of  Taonius  examined  by  me,  except  T,  cymoctypVfS.  It  consists  of  two  pads 
within  the  funnel  near  its  base,  and  a  little  posterior  to  them  in  the  middle 
line  one  or  two  tubercles.  It  is  figured  by  Verrill,  who  first  noticed  it,  in  his 
Desmoteuthis  tenera  {loc.  cit,  PI.  xlv.,  Fig.  2d). 
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The  phrase  "  Longueur  totale,  plus  d'un  m^tre,"  refers  to 
the  Madeira  specimen,  while,  curiously  enough,  the  remainder 
of  the  dimensions  are  taken  from  that  of  Lesueur. 

The  general  form  of  the  body  is  the  same  in  both,  the 
tentacles  are  absent  in  both  cases,  but  in  Lesueur*s  the  stems 
remain,  while  in  the  larger  individual  they  have  been  cut 
off  close  to  the  roots. 

Of  the  figures,  PI.  vi..  Figs.  1, 2, 3,  are  copied  from  Lesueur's 
originals.  PI.  iv..  Figs.  1-6,  might  have  been  taken  from  either, 
while  Figs.  7,  8,  were  certainly  taken  from  the  Madeira 
specimen,  for  the  typical  Loligo  pavo  has  no  sharply-toothed 
suckers,  but  those  even  at  the  extremity  of  the  arm  are 
provided  with  blunt  teeth,  though  they  are  not  so  square-cut 
as  those  of  the  basal  suckers. 

The  gladius  (PI.  vi..  Fig.  4)  was  probably  drawn  from  the 
Madeira  specimen,  from  which  it  has  been  removed,  though 
incompletely,  the  poa^terior  tip  remaining  in  the  animal. 

One  expression  used  by  de  Kochebrune  in  speaking  of 
Lesueur's  specimen  is  unfortunate, — he  says  of  the  arms 
(loc.  cit,  p.  5) :  "1  serie  cotyledonorum  armatis,"  while 
d'Orbigny,  in  his  generic  diagnosis  and  in  his  figure,  gives 
two  rows.  In  point  of  fact,  the  two  expressions  are  almost 
equally  correct ;  there  are  either  two  rows  of  suckers  not  far 
removed,  or  one  row  arranged  in  a  zig-zag  manner  which  in 
certain  positions  appears  like  one  straight  row. 

I  have  already  given  reasons  for  thinking  that  Desmoteuthis 
is  synonymous  with  Taonius,  I  shall  now  adduce  a  few 
arguments  which  lead  me  to  believe  that  the  specimen  which 
Verrill  obtained  from  the  northern  edge  of  the  Gulf  Stream, 
and  which  he  believed  to  be  identical  with  Taonius  hyper- 
horetcs,  was  none  other  than  Taonhis  pavo. 

That  it  differs  from  the  former  of  these  may  be  seen  by  a 
most  cursory  examination  of  the  type  specimen,  or  of  the 
drawing  to  be  published  in  the  report  on  the  "  Challenger  " 
Cephalopoda,  and  as  may  be  also  seen  by  a  careful  comparison 
of  VerrilFs  figures  with  Steenstrup's  description.^  Taonius 
hyperhoreus  is  there  defined  by  its  differences  from  T.  pavOy 
viz. :  "  (1.)  the  length  and  breadth  of  the  fin,  which  is  half 

1  Overblik,  p.  84  (16). 
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the  length  of  the  body  and  six  times  aa  loug  as  broad;  (2.) 
in  the  large  and  almost  regularly  spherical  suckers,  which 
are  several  times  larger  than  those  of  T.  pavo,  and  especially 
on  the  lateral  arms  attain  an  astonishing  size,  so  that  the 
largest  have  a  diameter  as  great  as  the  breadth  of  the  arm ; 
and  (3.)  in  the  presence  of  a  toothed  marginal  membrane 
along  all  the  arms." 

In  every  one  of  these  characters  it  will  be  noticed  that 
Professor  Verrill'a  specimen  differs  from  T,  hyperboreiis,  and 
inclines  rather  to  T,  pavo ;  and  further,  a  careful  comparison 
of  his  figures  and  description  with  those  of  Loligopbis  pavo 
(Les.),  d'Orb.,  places  it  beyond  all  reasonable  doubt  that  these 
n,re  identical. 

The  general  shape  of  the  body  is  practically  identical  iu 
the  two  forms,  but  the  fin  is  produced  in  Verrill's  drawing 
into  "  a  long  acute  tip,"  which  does  not  appear  in  Lesueur's, 
but  which  may  very  well  have  been  present  originally,  for 
the  posterior  extremity  of  the  type  specimen  has  been 
injured. 

The  arms  are  not  complete,  "  except  those  of  the  third  and 
fuiiith  pairs,  which  are  nearly  equal  in  length,  the  ventral 
ones  a  little  the  shortest  and  most  slender  "  in  both  speci- 
mens. In  both  specimens,  too,  "  the  arms  are  all  united 
together  by  a  thin,  delicate  basal  web,  which  extends  up 
some  distance  between  the  arms,  .  .  .  and  then  mna 
along  the  sides  of  the  arms,  as  broad,  thin,  marginal 
membranes." 

As  regards  the  horny  rings  of  the  suckers,  d'Orbigny 
figures  two  from  the  base  of  an  arm  which  may  have  been 
taken  from  this  species,  and  which  have  square-cut  teeth 
somewhat  variable  in  number.  The  sucker  figured  by  Verrill 
from  the  middle  of  one  of  the  lateral  arms  (third  pair)  re- 
sembles these  very  closely,  and  he  adds  that  "toward  the 
tips  of  the  arms  the  smaller  suckers  again  become  deeper, 
with  more  contracted  apertures,  and  with  a  few  more  pro- 
minent denticles  on  the  rings ; "  hut  he  does  not  allude  to 
the  conspicuously  four-toothed  suckers  characteristic  of  T. 
cymoctypus,  which  so  careful  an  observer  could  not  fail  to 
have  noticed  had  they  been  before  him. 
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The  general  shape  of  the  sucker,  too,  agrees  fairly  with 
that  figured  by  Lesueur. 

Verrill's  account  of  the  pen  of  his  D.  hyperhorea  describes 
that  of  Loligo  pavo,  Lesueur,  very  well,  for  the  latter,  like 
the  former,  terminates  posteriorly  in  a  hollow  cone.  This 
is  not  shown  in  Lesueur's  drawing,  though  it  is  quite  evident 
in  the  specimen;  the  drawing  indeed  is  merely  a  sketch 
giving  a  general  idea  of  the  form  of  the  pen,  which  has  never 
been  removed  from  the  specimen. 

The  passages  in  quotation  marks  above  are  taken  from 
Verrill's  description,  and  when  compared  with  d'Orbigny*s 
figures,  they  leave,  I  think,  little  room  for  doubt  that  the 
two  species  in  question  are  the  same.  Of  course  at  present 
the  identification  lacks  the  crucial  test  of  comparison  of  the 
actual  specimens,  and  therefore  I  append  a  query  to  Desino- 
teuthis  hyperhorea  in  the  synonymy. 


Taonius  hyperhoreus^  Steenstrup. 

1856.  Leachia  hyperhorea^  Stp.,  Hectocotyldannelsen,  p.  200. 
1861.  Taonius  hyperborevSy  Id.,  Overblik,  p.  83  (15)  {non  Verrill). 
1879.  Loligopsis  hyperhorea,  Tryon,  Man.  Conch.,  p.  162. 
1882.  Desmoteuthis  tenera  (?)  Verrill,  Ceph.  N.E.  Amer.,  p.  216. 
1884.  Loligopsis  hyperhorea,  Rochebr.,  Monogr.  Loligopsidse,  p.  12. 

The  Body. — The  body  is  elongated,  tapering  posteriorly; 
the  mantle  is  thin,  enclosing  an  enormous  branchial  cavity, 
only  a  small  portion  of  which  is  occupied  by  the  viscera ;  its 
anterior  border  projects  slightly  forwards  in  the  middle  line 
dorsally  and  at  each  lateral  attachment ;  in  the  former  of 
these  positions  the  surface  of  the  body  is  almost  continuous 
with  that  of  the  head,  only  the  very  slightest  fold  of  the 
mantle  marking  them  off.  A  number  of  purplish  chromato- 
phores  cover  the  mantle,  and  there  are  also  a  number  of 
larger  spots  disposed  in  irregular  rows,  of  which  there  are 
about  ten  down  the  mantle.  The  caudal  Jin  is  fully  half  the 
length  of  the  body  and  of  an  elongated  cordate  form.  The 
siphon  is  triangular,  and  reaches  to  about  the  centre  of  the 

*  This  species  will  be  figured  in  the  forthcoming  Report  on  the  **  Challenger  " 
Cephalopoda. 
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head ;  on  ita  dorsal  wall,  immediately  behind  the  aperture, 
«re  two  low  euahion-like  papillte  in  the  middle  line,  and 
behind  these  three  long-pointed  papilla  arranged  in  a  triangle 
with  the  apex  directed  forwards. 

The  Head. — The  head  proper  is  small,  much  smaller  than 
either  of  the  enormous  globular  eyes,  which  occupy  the  whole 
of  its  two  lateral  surfaces. 

The  Arms. — The  sc&sih  arms  are  abort,  on  an  average  ahout 
one-third  the  length  of  the  body ;  their  order  of  length  is 
ii,  2,  1,  4 ;  a  toothed  membrane  extends  along  the  arms,  but 
forms  only  a  very  small  web  between  them.  They  are 
furnished  with  two  rows  of  suckers  most  numerous  and 
closely  packed  on  the  dorsal  arms.  The  siieJcers  are  snb- 
globnlar,  the  proximal  half  of  the  globe  being  opaque  and 
mnscular,  the  distal  corneous  aud  serai- transparent.  The 
suckers  on  tlie  dorsal  and  ventral  arms  are  suhequal,  and 
also  on  the  lateral  arms  for  the  proximal  half  of  their  length; 
on  the  third  quarter  are  situated  about  eight  large  suckers, 
whose  diameter  fully  equals  that  of  the  arms  ;  on  the  terminal 
fourth  the  suckers  gradually  diminish.  The  margin  of  the 
hivger  suckera  is  almost  entire  but  marked  out  into  irregular 
very  shallow,  square-cut  teeth ;  on  the  distal  margins  of  the 
smaller  suckers  the  teeth  become  more  prominent,  but  are 
blunt,  and  about  8  to  10  in  number.  The  tentacles  are  but 
little  longer  than  the  arms,  and  only  slightly  expanded  at 
their  extremities.  On  the  inner  side  of  the  stem  is  a  groove 
which  bears  two  and  afterwards  four  irregular  rows  of  very 
miuute  suckers,  among  which  are  a  number  of  fixing-cushions 
{Heeftepuder,  Steenstrup).  On  the  club  are  four  rows  of 
suckers  about  as  lai^e  as  the  smaller  ones  on  the  arms ; 
their  horny  rings  are  provided  on  the  proximal  semi-circum- 
ference with  about  fifteen  closely  set  sub-acute  teeth,  while 
the  distal  semi-circumference  bears  about  nine  long  very 
acute  teeth. 

The  Shell. — The  pen  is  long,  narrow  anteriorly,  expanded 
in  the  posterior  half,  and  forming  a  hollow  terminal  cone 
enclosing  part  of  the  genital  gland. 


■) 
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Taonius  cyrnoctypus  (de  Eocliebrune),  mihi. 

1339.  Loligopsis  paw  (pars),  d'Orb.,  C^pli.  Ac6t.,  p.  321,  pi.  vi.,  fig.  4  (?) ; 

pi.  xxiii.,  figs.  10,  11. 
1884.  Phasmatopsis  cymoctypus^  Rochebr.,  Monogr.  Loligopsidse,  p.  17  (9). 

Malacologists  are  indebted  to  Dr  de  Eochebrune  for  point- 
ing out  the  distinctness  of  this  interesting  form  from  T.  pavo 
(Les.),  with  which  d'Orbigny  had  confused  it,  and  for  correcting 
several  mistakes  which  had  arisen  in  consequence  in  that 
author's  gi*eat  work.  It  is  to  be  regretted,  however,  that  de 
Rochebrune  has  fallen  into  an  error  which  has  led  him  to 
erect  this  species  into  a  new  genus. 

His  description  and  figure  alike  indicate  the  tentacles  as 
present  and  similar  to  the  sessile  arms.  A  careful  examina- 
tion, however,  of  the  specimen  has  shown  me  that  the  two 
ventral  arms  only  are  complete,  and  adjoining  each  of  these 
is  the  stump  of  a  tentacle,  concerning  the  perfect  form  of 
which  nothing  can  be  made  out;  the  remaining  arms  are 
present,  but  their  tips  are  wanting. 

In  the  structure  and  arrangement  of  the  head  and  mantle, 
it  does  not  differ  from  the  typical  arrangement  in  Taonius, 
The  funnel  contains  no  valve,  nor  is  it  possible  to  determine 
whether  an  apparatus,  such  as  Verrill  has  described  in  his 
Desmoteuthis,  was  originally  present. 

The  ventral  arms  only  are  intact,  but  they  are  somewhat 
stouter  than  any  of  the  others.  They  are  armed  with  two 
rows  of  suckers,  alternating  with  each  other,  which  have  the 
same  general  structure  as  in  Taonivs  hyperboreus  or  T.  pavo, 
but  differ  in  details.  The  innermost  are  hemispherical,  with 
a  small  horny  ring  notched  into  square  teeth ;  those  from  the 
middle  of  the  arm  are  larger,  but  still  have  square  teeth ; 
while  those  three-fourths  along  the  arm  and  beyond  gradually 
diminish  in  size  towards  the  tip,  and  have  the  horny  ring 
divided  into  four  conspicuous  teeth  on  the  distal  side. 

The  suckers,  which  are  figured  by  d'Orbigny  as  of  Loligopsis 
pavo,  are  in  reality  those  of  this  form;  for  those  of  the 
original  specimen  of  Taonius  (Loligopsis)  pavo  are  all  pro- 
vided with  square  teeth.  The  suckers  figured  by  de  Eoche- 
brune as  tentacular  are  taken  from  these  sessile  arms,  for,  as 
above  mentioned,  the  tentacles  are  absent.    1  did  not  observe 
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any  suckers  witli  more  than  four  well-developed  teeth,  and 
my  impression  was  that  d'Oi'bigny's  figure  {pL  xxiii,  figs.  10, 
11)  gave  a  much  more  accurate  picture  of  the  structure  than 
Dr  de  liochebrune's. 

LEACiiu,  Lesueur,  1821. 

Leachui,  Lesueur,  Steenatrup. 
Aju30ctii3[l),  RofiDGSfjae. 
Loligo}mi  (para),  Gray,  Tryan,  da  Kiimhebriina, 
Dictydiojma,  de  Kouhcbrune. 

The  genus  Leachia  was  established  by  Lesueur  in  1821  on 
the  basis  of  a  drawing  by  Mr  Petit  representing  au  animal 
captured  in  the  Southern  Ocean  (Lesueur  calls  it  "Pacific 
Ocean,"  although  the  position  given  is  lat.  37"  S.,  long.  33°  E.}. 
It  appears  to  have  remained  unused  for  forty  years,  until  in 
1861  Steenstrup  reconstituted  it  and  placed  in  it  Loligopsis 
ellipsoptera,  Adama  and  Peeve. 

Lesueur's  diagnosis  was  short  and  quite  insufficient  for 
modem  requirements,  though  no  doubt  the  distinctions  he 
drew  were  all  that  were  required  at  the  time  he  wrote. 

He  says :  "  Eight  unequal  arms,  the  third  pair  longer  and 
more  robust." 

Professor  Steenstrup  gives  as  the  grounds  for  his  recogni- 
tion of  the  genus,  aa  distinct  from  Taoniiis  and  Cranchia, 
three  characters, — (1.)  the  absence  of  the  tentacles,  present 
only  as  stumps ;  (2.)  the  broad  rounded  fin ;  (3.)  two  lines  of 
cartil^inoua  papillas  down  the  ventral  surface 

That  Lesueur  overlooked  the  first  and  last  of  these  points 
is  not  strange,  for,  as  we  shall  see  further  on,  he  had  only  a 
drawing  of  the  dorsal  surface  upon  which  to  base  his  diagnosis. 

Adama  and  Reeve  have  overlooked  the  stumps  of  the 
tentacles  and  also  the  lines  of  papilla  down  the  ventral 
surface,  in  connection  with  which  latter  Steenstrup  remarks : 
"  In  consequence  of  the  great  transparency  of  the  animal, 
these  lines  are  easily  overlooked,  and  in  the  living  auinial 
the  difficulty  of  their  recognition  is  naturally  much  increased. 
It  need  not  surprise  ns,  therefore,  that  the  figure  of  the  Eng- 
lish authors  does  not  show  them."  • 

'  Overblik,  p.  81  (13). 
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Brock  bears  out  this  statement,  and  says  that  it  was  only 
on  repeated  examination,  and  by  feeling  rather  than  by  sight, 
that  he  discovered  their  existence  in  his  two  specimens.^ 

Professor  Steenstrup*s  remarks  on  the  tentacle  stumps  may 
also  be  translated.  Speaking  of  L.  ellipsoptera,  he  says — 
"  When  it  is  borne  in  mind  that  all  the  specimens  of  the 
nearly  related  L,  cydura  have  had  precisely  similar  stumps, 
and,  in  so  far  as  they  have  been  examined  with  respect  to 
this  point,  exactly  of  the  same  length  as  in  these  individuals, 
and  also  that  two  specimens  in  the  Paris  museum  show 
the  same  arrangement,  one  is  driven  to  the  conclusion  that 
the  mutilation  of  the  tentacles  is  not  merely  due  to  accident, 
especially  as  a  large  number  of  the  specimens  under  con- 
sideration were  taken  alive.  If  these  forms  really  at  one 
time  possessed  the  long  tentacles  of  their  family,  then  at 
least  it  must  be  assumed  that  they  have  some  organic 
peculiarity  which  causes  them  to  be  easily  broken  off,  and 
always  at  one  and  the  same  point.  At  all  events,  the  basal 
remnants  do  not  indicate  that  the  tentacles  were  of  extreme 
thinness." 

in  the  present  state  of  our  knowledge  the  following  may 
be  given  as  a  description  of  the  genus  Leachia : — 

Body  elongated^  semi-transparent,  head  smalls  eyes  prominent 
Mantle  united  vrith  the  hack  of  the  head  by  a  firm  handy  which 
vndens  posteriorly,  and  hy  a  hand  at  each  side  of  the  hase  of  the 
siphon.  A  row  of  cartilaginous  papillce  down  the  ventral 
surface  of  the  mantle  on  each  side.  Fins  terminal,  forming 
together  a  hroad  oval  or  a  circle.  Arms  short  compared  with 
the  body,  vrith  two  rows  of  suckers.  Tentacles  rudimentary, 
their  stumps  being  situated  in  the  usual  place,  Gladius  long, 
slender,  and  somewhat  dilated  in  front  and  posteriorly,  conical 
and  hollow  behind. 

Professor  Steenstrup  ^  suggests  that  Anisoctus,  Eafinesque, 
may  be  a  synonjnn  of  Leachia,  and  the  brief  definition  given 
by  the  author  is  not  inconsistent  with  such  a  supposition, 
but  without  the  figures  which  are  alluded  to  in  the  descrip- 
tion, no  certainty  is  possible. 

1  Gottingen  Nachrichten,  p.  507,  1884. 

'  Ommatostrephagtige  Blsekspmtter,  p.  104  (34). 
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Leachia  cj/dura,  Leaueur, 

Laaehia  cyclura,  Les.,  Proc.  Acnd.  N*t.  Sni.  Phllad., 
p!.vl 

Loligo  Ltaehii,  Blainv.,  Diet.  i1.  Sd.  N»t,  t,  »xvii..  p.  135. 

/rf..  Journ.  dePbys.,  p.  12*. 
loligoimi  njduna,  Firnss.,  Diet,  eiaai.,  t.  n.,  p.  68,  pi,  fis-  3   (Jid/s 
d'Orb.). 
„         leaehU,  F^nisa,,  il'Orb.  Tabl.  deBCdpli.,  p.  57. 
,.        guUata,  Qmnt,  Tntnii.  Zoul.  Soc.  Loud.,  vol.  {.,  p.  31,  pi.  ii. 
Perothu  jieliwida,  Ruthkr,  M^m.' Bav.  Btmng.  Acad.  8tt  St  Peterab., 
t.  iL,  p.  lie. 
„       EachiKlKUzii,  Jd.,  Ibid. 
LolitjofHii't  guttata,  d'Orb,,  C^pb.  AuSt.,  LoligopsU,  pi.  i 
pi.  iv.,  ligB.  9-18. 
fi/rlura,  Jd.,  Hid.,  p.  323;  Moll.  vW.  et  loss.,  p,   370, 
uUi.,  flga.  1-4. 
Ltaehia  ,,      Steenetrap.  Overblik,  p.  S2  (U). 

loltgopait       ,,       Tryon,  Man.  Couch.,  vol.  i,  p.  1B3. 

„  ,,       liochebr.j  Monour.  Li)ligopmd»e,  p.  14  (8), 

,,  „       Brock,  Giittingen  NitBlirichten,  p.  604, 

Perothia  thiSiuiiUeri,  Roohebr.,  Monogr.  Loligopaiiiff,  p  2 

This  is  the  typ3  species  of  the  genus  Zeackia,  and  i8  almost 
aa  unsatisfactory  as  the  type  of  the  fjetiua  Lolu/opsis,  for,  as 
above  mentioned,  it  is  founded  upon  a  drawing  which  repre- 
sents the  dorsal  aspect  of  a  Cephalopod  obtained  in  the 
South  Pacific,  with  only  indifferent  attention  to  its  anato- 
mical characters.  Happily,  however,  the  ligure  has  been 
published,  and  this  has  led  d'Orbigny  and  others  to  identify 
the  animal  more  or  less  certainly  with  other  forms  described 
in  greater  detail  by  Grant  and  Rathke.  This  is  the  more 
fortunate,  inasmuch  as  Lesueur's  character  of  his  genus  is 
about  as  short  and  fragmentary  as  possible — "Eight  unequal 
arms,  the  third  pair  longer  and  more  robust." 

The  identification  of  L.  cyclura  with  Loligopsis  guttata. 
Grant  (Feroikie  pellucida,  Rathke),  has  recently  heen  called 
in  question  by  Tryon  and  de  Eochebrune.  The  objection  of 
the  former  that  Grant's  species  "  has  rows  of  tubercles,"  while 
"  Lesueur  describes  and  figures  a  smooth  species,"  is  suffi- 
ciently answered  by  Vervill,  who  aptly  points  out  that 
"  Lesueur  only  described  a  figure  of  the  dorsal  surface,"  which 
could  not  be  expected  to  show  the  ventral  tubercles. 
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Dr  de  Eochebrune's  objection,  so  far  as  I  understand  it, 
seems  to  be  of  the  same  nature.  He  says — "  D'Orbigny  et 
F^russac,  en  attribuant  ces  tubercules  au  Leachia  cyclura  se 
sont  m^pris ; "  to  which  criticism,  I  take  it,  Verrill's  remark 
is  a  sufficient  rejoinder. 

In  such  a  case'  absolute  certainty  is  impossible,  but  it 
appears  to  me  that  d'Orbigny  was  quite  justified  in  the  course 
he  adopted.  The  drawings  resemble  each  other  very  closely 
in  the  form  of  the  body  (except  that  Lesueur's  is  a  little 
stouter),  in  the  form  of  the  fins,  and  in  the  relative  dimen- 
sions of  the  head  and  eyes.  Grant  himself  calls  attention  to 
the  peduncle  of  the  eye,  which  "  is  like  a  smaller  eye-ball 
placed  behind  the  larger  exterior,"  and  remarks  that  it  is 
indicated  in  Lesueur's  figure.  The  differences  are  that 
Lesueur's  drawing  does  not  show  the  pen  passing  down  the 
centre  of  the  back,  and  that  the  markings  differ  in  form  and 
arrangement. 

It  is  clear  that  Petit's  drawing  was  merely  a  rough  sketch, 
witness  the  manner  in  which  the  suckers  are  represented, 
and  taking  this  into  consideration  the  correspondence  is  as 
close  as  can  be  expected. 

I  am  unable  to  agree  with  Dr  de  Eochebrune  in  creating  a 
new  species  for  the  specimen  in  the  Paris  Museum,  which 
he  calls  Perothis  Dussumieri.  It  appeared  to  me  to  be  a 
very  good  example  of  Leachia  cyclura  ;  indeed,  I  should  have 
had  no  doubt  that  it  was  actually  the  one  depicted  by 
d'Orbigny  in  his  great  work  (pi.  iv.,  fig.  9),  and  with  this  the 
locality  quoted  agrees.  The  tubercles  on  the  ventral  surface 
are  eleven  large,  with  smaller  intermediate  ones.  The  ten- 
tacles are  truncated,  and  with  rounded  extremities,  as  in  the 
typical  Leachia,  and  I  cannot  at  all  understand  Dr  de  Eoche- 
brune's  description  of  them  as  "tentacules  coniques  recro- 
quevill^s,  h.  cupules  sessiles  arrondies,  sans  dents  et  sur  une 
seule  ligne."  Is  it  possible  that,  as  in  the  case  of  his  Phas- 
matopsis  cymoctypus,  he  has  overlooked  the  stumps  of  the 
tentacles,  and  not  observed  that  only  four,  and  not  five,  pairs 
of  arms  were  present  ? 
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Leackia  eUipsoptera  (Adams  and  Eeeve),  Steenatnip. 

18*8.  Loligopais  ellipaopUra,  Adams  and  H»ey«,  "aauinrang"  MoUuaca,  p.  2, 

18(8.  „  „  Gray,  R  M.  C.  MoU..  p.  40. 

1861.  Liachia,  „  Stp.,  Overblik,  p.  80(12). 

]879.  lotigopsiii         „  Trjon,  Man.  Conch.,  vol.  i.,  p.  163. 

1884.  DyHydiopsii     ,,  Kochalir.,  ilonogr.  LoligopBidffi,  p.  18  (10). 

The  type  specimen  of  this  species,  discovered  during  the 
voyage  of  the  "  Saraarang,"  appears  to  bave  been  lost,  but 
there  are  five  specimens  in  the  Copenhagen  Museum,  which 
are  beyond  all  doubt  referable  to  it.  The  differences  between 
L.  cyckiff-a  and  this  form  "  consist  mainly  in  the  form  of  the 
fin  and  the  ventral  cartilaginous  lines.  The  almost  circular, 
slightly  heart-shaped  figure  which  the  caudal  fins  together 
exhibit  in  the  former,  pass  into  a  distinctly  transverse  oval 
in  the  latter.  The  drawing  of  L.  cyclura,  which  represents 
the  fins  of  the  greatest  breadth  in  proportion  to  the  length, 
is  that  by  d'Orbigny  in  his  great  work  on  the  Cephalopoda, 
but  even  here  each  fin  is  longer  than  broad,  while  in  L. 
fllipscqiteTa  each  fin  is  considerably  broader  than  long.  The 
cartilaginous  lines  on  the  sides  of  the  mantle  are  described 
and  depicted  by  Grant  and  d'Orbigny  as  ceasing  about  half- 
way between  the  anterior  margin  of  the  body  aud  the  fin ;  in 
our  L.  eUipsoptera,  tliey  reached  just  over  one-third  this  dis- 
tance, and  they  are,  too,  as  above  stated,  very  weak,  and  their 
warts  not  so  lai^e,  so  prominent,  or  so  numerous."  '■ 

Dr  de  Eochebrune  has  made  this  the  type  of  a  new  genus, 
wliich,  in  violation  of  the  ordinary  rule  for  transcribing 
Greek  names,  he  writes  "  Dydydiopsis ; "  but  I  confess  that  I 
see  no  grounds  for  such  a  proceeding,  nor  do  I  understand 
where  he  obtained  his  description  of  the  tentacles  ("  courts 
subquad ran gula ires  k  cupules  petites  in^galements  distributes 
sur  toute  leur  longueur "),  for  Adams  neither  mentions  nor 
figures  theui. 

Brock  (loc.  cit.)  comes  to  the  conclusion  tliat  L.  eUipsoptera, 
is  merely  a  synonym  of  Z.  cyclura,  basing  his  opinion  upon 


"Grant's  specimen  seems,  both  from  the  drawing  and  the  description, 
8  had  these  lines  much  more  pronounced  than  d'Orbignj's  " — loc.  cU,, 


82  (14). 
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two  specimens  given  him  by  Dr  Eeichenbach,  and  regarded 
by  him  as  intermediate  in  their  characters  between  these 
two  species.  Probably  some  uncertainty  will  always  hang 
over  this  point,  as  neither  type  specimen  can  be  found,  and 
the  ultimate  criterion  of  each  species  is  only  a  somewhat 
indifferent  figure. 

Leachia  dubia  (Eathke),  mihi. 

1833.  Perothis  diUna,  Kathke,  M6in.  Sav.  ttnng.  Acad.  ScL  St  Petersb., 

t.  ii.,  p.  170. 

This  appears  to  be  distinct  from  Perothis  pellucida,  but 
very  little  is  known  about  it,  for  Eathke  does  not  figure  it  as 
a  whole,  but  merely  gives  two  small  drawings  representing 
portions  of  its  anatomy.  It  would  seem,  however,  to  be 
distinct  from  Perothis  pellucida  ( =  Leachia  cyclura), 

DoRATOPSis,  de  Eochebrune,  1884. 
Doratopsis  vertnicularis  (Eiippell),  de  Eochebrune. 

1844.  Loligopsis  vermictUaris,  RuppeU,  Giorn.  Gab.  Messina,  t.  xxvi.  {fide 

V6rany). 
1851.  ,,  ,,  V^rany,  C6ph.  Medit.,  p.  123,  pi.  xl.,  figs,  a,  b. 

1884.  Doratopsis         „  Rochebr.,  Monogr.  Loligopsidae,  p.  20(12). 

,,         Jtiippelli,  Id.,  Ibid.,  p.  21  (13). 
1884.  Hyaloteuthis  vermicalarisy  Pfeffer,  Ceph.  Hamb.  Mus.,  p.  28. 

Dr  PfefFer  appears  to  have  been  so  fortunate  as  to  examine 
Krohn's  original  specimen,  figured  by  V^rany  {loc.  cit,  b),  and 
he  has  given,  what  naturalists  have  long  waited  for,  a  com- 
plete description  of  it.  He  is  not  quite  right  in  saying  that 
its  "  position  in  the  family  of  the  Loligopsidse  has  never  been 
challenged,"  for  it  has  long  been  known  that  its  generic 
name  was  quite  incorrect ;  but  no  naturalist  cared,  upon  the 
slender  information  given  by  Verany,  to  found  a  new  genus 
for  its  reception,  until  de  Eochebrune  did  so,  just  in  time  to 
anticipate  Dr  PfefFer ;  this  is,  however,  to  some  extent  a  matter 
for  congratulation,  inasmuch  as  the  name  Hyaloteuthis  had 
already  been  used  by  Gray  in  a  different  sense.^ 

It  does  not  seem  yet  certain  that  the  two  forms  figured 

1  B.  M.  C.  MoU.,  p.  63. 
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by  Vtratiy  are  specifically  distinct ;  the  differences  between 
them  may  be  due  to  growth,  or  possibly  to  sex. 


CALLlTEUTllia,  Verrill,  1882. 

Calliteuthis  ocellaia  (Owen),  VerrilL 

ISm.  LoligupaU  oaliala,  Owen,  Tiaua,   Zoul.  Soc,  Loud.,  vol.  xi.,  part  5, 

pp,  139-1*3,  pU.  iivi.,  figs.  3-e,  xxvii. 
1882.   Calliit'ulhia     „        Verrill,  Cepli.  N.E.  Amer.,  p.  202. 

There  can  be  no  doubt  that  Sir  Eichard  Owen's  Loligopsis 
ocellata  is  congeneric  with  Professor  Verrill'a  Ccdliteutkis 
reversa  (loc.  cit.,  p.  327) ;  but  the  question  whether  they 
belong  to  the  same  species  can  only  he  satisfactorily  settled 
by  a  compaiison  of  the  actual  specimens,  and  must  therefore 
be  left  ill  abeyance. 

Cha.vciiu,  Leach,  1327, 

Granchia  Reinhardtii,  Steenstrup. 

iMJchia  Beinhardlii,  Stp.,  Hectocotyldaniielseii,  p.  £00. 

Cnentkia        ,,  Id.,  Overblik,  p.  76  (8). 

Loligopais      ,,  Trjon,  Man.  Condi.,  vol.  i.,  p.  185. 

CraTixhia        „  Brock,  Zeitschr.  f.  wisa.  Zool.,  Bd.  ixxvi.,  p.  605. 

Ferolhis         „  de  Rochebr.,  Monogr.  LoligopsiJie,  p.  28  (20). 

This  is  a  well-marked  Granchia,  and  there  would  he  no 
need  for  its  mention  here  had  not  Tryon,  without  the  least 
show  of  reason,  placed  it  under  the  genus  2 


CiiiROTEUTHls,  d'Orbigny,  1839. 
Gkirotevikis  Viranyi  ^Ferussac),  d'Orbigny. 
1834,  Loligopsia  Viranyi,  Ffivuss,,  Magaain  d,  Zool,,  pi.  Ixv. 
1839.  ChiroUidhia    „        d'Orb.,  Ceph.  Ac^t.,  p,  235,  pis,  i[.,  [v.,  figs.  17-23. 

This  is  the  type  of  d'Orbigny's  genus  Chiroteuihis,  and  as 
it  is  always  known  under  this  name,  there  would  be  no  need 
to  mention  it  hei-e  except  for  the  sake  of  completeness. 

Species  of  U:)CErtain  Generic  Position. 
Loligopsis  ckrysophtalmos  (Tilesius),  d'Orbigny. 
iiepia  chryiophtalinas,  Tilcslua,  Kruseii stern,  Voy.  Atlas,  pi.  xixviii., 
figs.  32,  83(;Wed'Oib.). 
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1845.  Loligopsis  chrysopJUalmos,  d'Orb.,  C6ph.  Acet.,  p.  324,  Loligopsis,  pi. 

i.,  figs.  2,  3,  4  (L.  Tilesii). 
1845.         „  chrortiorpha,  Id.,  Ibid.,  p.  324. 

This  is  a  minute  creature  discovered  by  Tilesius  on  Krusen- 
stern's  voyage  round  the  world,  which  agrees  with  Lamarck's 
definition  of  the  genus,  in  so  far  that  it  somewhat  resembles 
Sepiola  and  has  eight  arms ;  but,  as  Steenstrup  has  pointed 
out,^  the  shape  of  the  fins  is  rounded,  not  rhomboidal,  there 
are  three  or  four  rows  of  suckers  on  the  arms,  and  altogether 
the  animal  resembles  a  young  ^5sia-like  creature  more  than 
anything  else.  Its  true  position  will  probably  always  remain 
doubtful.  I  cannot  propose  to  place  it  in  any  genus  hitherto 
constituted,  still  less  do  I  intend  to  create  a  new  one  for  its 
reception. 

Loligopsis  zygcena,  V^rany. 

1855.  Loligopsis  zygcena,  V^rany,  C^ph.  M^dit.,  p.  125,  pi.  xl.,  fig.  c,  1851. 
1884.  Zygcenopsis     ,,        Rochebr.,  Monogr.  Loligopsidae,  p.  20. 

A  very  beautiful  little  Cephalopod,  evidently  of  pelagic 
habits,  is  figured  by  V^rany,  but  unfortunately  his  statements 
as  to  its  anatomical  peculiarities  are  far  from  giving  sufficient 
information  to  enable  us  to  fix  its  systematic  position.  The 
genus  Loligopsis,  as  understood  by  V^rany,  by  no  means 
agrees  with  the  definition  of  d'0rbigny,whichi8  founded  mainly 
upon  the  structures  connecting  the  head  with  the  mantle,  as 
observed  in  the  Loligopsis  V&anyi  of  F^russac  {=Chiroteuthis 
V4ranyi,  d'Orb.) ;  there  is,  however,  no  indication  that  such 
an  arrangement  is  found  in  the  creature  under  discussion, 
and  if  it  were,  the  differences  between  this  form  and  the  type 
species  would  render  its  erection  into  a  new  genus  essential. 

It  is  worthy  of  notice  that  V^rany's  drawing  closely 
resembles  two  species  in  the  "  Challenger  **  Collection,  which 
are  referable  to  the  genus  Taonius,  and  are  believed  to  be 
older  forms  of  Frocalistes  Suhmii,  Lankester;  the  chief 
differences  are  in  the  form  of  the  fin,  which  is  cordiform  in 
T.  Suhmi,  and  in  the  absence  of  suckers  on  the  tentacles 
except  at  their  extremities.  Seeing  that  these  differences 
exist,  however,  it  would  not  be  right  to  transfer  Z.  zygcena  to 
the  genus  Taonius.     Dr  de  Eochebrune  has  erected  it  into  a 

1  Overblik,  p.  86  (18). 
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genus  Zygcenopsis,  but,  even  were  this  procedure  on  other 
grounds  admissible,  the  fact  that  the  name  proposed  ia  pre- 
occupied ia  fataL 


In  concluding,  I  have  to  acknowledge  ray  indi 
Professor  Steenstrup,  both  for  the  opportunity  of  examining 
the  collection  of  Cephalopoda  in  the  Copenhagen  Museum 
and  for  valuable  advice  and  assistance  during  the  progress 
of  my  work,  as  well  aa  to  Dr  de  Rochebrune  for  the  courtesy 
with  which  he  facilitated  my  examination  of  the  valuable  type 
specimens  in  the  Paris  Museum — it  is  a  source  of  great  regret 
to  me  that  I  find  my.self  differing  from  him  in  so  many  points. 

List  of  Abbreviations  Employed. 
U'Orb.,  CifK  km. 

Ffirnaaac  et  d'OrbJgny,  ' '  Histoira  natnrelle  gan&TJe  et  particuliiro  des 
Cephalopodes  uc^tabulif^reB."    Paiia,  1635-48. 
d'Orb.,  Moll.  viv. 

d  Orbi^y      MoUoaqaeB  vivants  et  fas^ilea        Pans   1S45  &  IS  5 
Gray,  BMC  Moll 

Gray    J    £         Cutalogne  of  the  MoUmcft    n  the  Collect  dd  of  the 
B   t  ah  Museum    Port       Lepholof  odn  Anteped  a       Londnii   1819 
Pfeli'er,  Leph    Hamb    Mna 

'  D  e  Cephttlopoden  des  Hamburger  Natn  h  st«>r  a  hen  Museu  ns  - — 
Abhaidl    Natanuiss    Feren      Hamh    g   IS**! 
Rochebr    Monogr   Lol  gops  Ice 

D    cle  Kochebrune       f'tude  monograph  qu     de  la  fa     lie  des  L  1 
gop   d'e   —Bull  Soc  Fh  lo      Par     ser       t   v        N     1    ISRl 
Steenstr  p   HectocotyldannelBen 

'  He  to  0  yliia  nelse     hos  Oct opodslte^ temp   Ar(,     a  ta  o|,  Tre  no 
topus   —A   Daitsk    I  dmsl    SeUl    Sine     Bd  pj     185  21b 

1856      (Engl  sh  T  ans    Ann  and  Mag   Nat  H  s      se    "     ol 
pp   81  114   18  7  ) 
Steenstrup  Otb  hi  k 

'  Ove  bilk  over  de      Kjobenhavns  Museer  ophe  areJe  Bl^iksprDtter 
fra    det    aabne    Hav   — Uv^gt   o     d     I     Da  si      f  d   i^l     S I  i, 
F   hand!     1861 
TryoD,  Man   Conch 

Trvon   G  Vi     jun        Manual  of  Con  hoi    y      t  u  t    al  and  Systt 
niatio,"vol.  i.     Philadelphia,  187B. 
Verany,  CSph.  Midit, 

"  Mollusqnea  m^diteranfiens  ;  Paitie  J,,  Cephalopodcs."    Genoa,  1851. 
Tenill,  Ceph.  N.E.  Amer. 

'•  The  Cepbalopods  of  the  North-Eastem  Coast  of  America  "—.fiqiori 
of  ike  U.S.  Commissioner  of  Fish  andPuheries  for  IS79.  Washinfi. 
ton,  1882,     Also,  Tran^.  ConnecL  Acad.,  vol,  v,,  part  2,  1S82. 
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Index 

showing  the  Species  which  have  been  referred  to  the  genus 
Zoligopsis,  with  their  accepted  names. 


L.  Bmnplamdi  =.  Chiroteuthis  Bomplandi  (Ver.),  d'Orb., 

L.  chromorphaf  Tile8ius=Z.  chrysqpJUalmoa  {Tilesiua),  d'Orb., 

L.  chrysqpJUalmos  (Tilesius),  d'Orb. ,    . 

L,  eydvra  (Lo8.)fVir,=Leachiacycluraf'Lea., 

L,  dubia  (Rathke)  =Leachia  duMa  (Rathke), 

L.  ellipsqptera,  Adams  and  Reeves Leachia  eUipsoptera  (Adams  and 

Reeve),  Stp.,   . 
L.  Esehscholtzii  (R&ilike)  =Le(ichia  eycluraf  Led.,     . 

Z,  gtUtcUa,  GTB.nt=Leaehiacycluraf  Le8.f 
L,  hyperborea  (Stp.),  Tryon=  Taonitis  hyperborem,  Stp., 
L.  ocelUUa,  Owen  =  CaUit€iUhis  ocellata  (Owen),  Verrill, 
L,  pavo  (Les.),  d'Orb.  =  Taonitis pavo  (Les.),  Stp., 
L.  pelludda  (Eschacholtz)  =-Leachia  cyclu/ra,  Les.,  . 

L.  Peronii,  Ijuook.  —  Zoligopsis  Percmiif  Lamk., 
Z.  Beinhardtii  (Stp.),  Try  on  =Cranchia  Eeinhardtii,  Stp., 
Z,  Scfmeehageni,  Pfeflfer,  ..... 

Z,  Tilesiif  ¥6t.  =  Zoligopsis  chrysopJUalmos  {Tileavia),  d'Orb., 
Z,  V6ranyif¥eTnas&c  =  Cfhiroteu^isV6ranyi(F^T.),d*OTh.t    . 
Z.  vermieiUaris,  Y 6ra,n j=Doratopsisvermi€ulari8  (Ver.),  Rochebr., 
Z.  zygoma,  V^rany,      ...... 
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XXV.  On  Fossil  Bones  of  Mammals  obtained  during 
Excavations  ai  SUloth,  By  Professor  Wm.  Turner, 
M.B.,  F.RS. 

(Read  18th  February  1886.). 

In  February  1859  I  exhibited  and  described  to  this 
Society  ^  a  collection  of  the  bones  of  Bos  primigeniv^,  some 
of  which  had  been  for  many  years  in  the  Anatomical 
Museum  of  the  University  of  Edinburgh,  and  others  were 
obtained  from  localities  in  the  north-west  part  of  the  county 
of  Lancaster.  In  the  month  of  April  of  the  same  year  the 
late  Dr  J.  Alexander  Smith  described  to  this  Society  ^  some 
crania  of  the  same  animal  preserved  in  the  Antiquarian 

^  Proc.  Roy.  Phys.  Soc,  vol.  ii.,  p.  71,  and  Edinburgh  New  Philosophical 
Journal,  July  1859. 
'  Proc.  Roy.  Phys.  Soc,  vol.  ii.,  p.  111. 
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Museum  in  this  city.  His  paper  on  tbia  subject  waa  subse- 
quently expanded  into  an  excellent  memoir,  entitled  "  Notes 
on  the  Ancient  Cattle  of  Scotland,"  and  published  in  the 
P-i'oceedimjs  of  the  Society  of  Antiquaries  of  Scotland.^  In 
tliese  Notes  he  haa  collected  togetlier  the  accounts  of  all  the 
speciraena  both  of  Bos  longifrons  and  Bos  primigenius  which 
had  lip  to  that  time  been  found  in  Scotland,  and  lie  has  given 
a  description  of  the  crania  of  this  animal  in  the  Museums 
of  Antiquities,  the  Free  Church  College,  the  Itoyal  College 
of  Sui^eoDB,  and  the  Veterinary  College  in  this  city. 

During  the  years  1883  and  1884,  whilst  the  North  British 
Eailway  Company  was  engaged  in  excavations  connected 
with  the  formation  of  a  new  dock  aud  a  new  gaa-holding 
tank  at  Silloth,  remains  of  Bos  primigcnius,  the  red  deer 
[Cervus  elaphus),  and  bones  of  cetacea  were  discovered.  I 
first  heard  of  this  "find"  in  1883  through  the  courtesy  of 
my  friend  Dr  Leitch  of  Silloth,  by  whom  the  remains 
were  sent  to  me  for  identification,  and  through  his  kind 
offices  I  have  obtained  information  respecting  the  conditions 
under  which  they  were  found.*  I  am  also  indebted  for 
important  information  as  to  the  deposits  in  which  they 
were  imbedded  to  Charles  Boyd,  Esq.,  the  resident  engineer, 
and  to  J,  T.  Middleton,  Esq.,  tlie  contractor.  By  per- 
mission of  these  gentlemen  and  of  Sir  James  Falshaw,  the 
chairman  of  directors  of  the  North  British  Eailway  Company, 
I  liave  been  able  to  secure  several  of  the  specimens  for  the 
Anatomical  Museum  of  the  University. 

The  following  specimens  were  obtained  during  the  dock 
excavations :— A  portion  of  a  skull  of  Bos  primigenius,  the 
right  half  of  the  lower  jaw,  the  left  humerus,  the  right  tibia 
and  the  right  metatarsal  bone  of  the  same  animal;  two 
antlers  and  the  humerus  of  Cervus  elaphus,  and  two  vertebrae 
of  cetaceans.  Mr  Boyd  writes  to  me  that  these  specimens 
were  all  found  within  a  short  distance  from  each  other  near 

'  Proc.  Scot.  Soo.  Antiq,,  vol,  ix.,  p.  587,  1873. 

'  SubaequBQtly  to  this  pajier  being  read  tfl  the  Society,  Dr  Leitfili  sent  me 
s  copy  of  the  Trans(KCio7i3  of  the  Cvmbcrland  and  fVcstmorelaiui  Asseeiatiim 
for  the  Advancement  of  Literature  and  Science,  No.  IX.,  1885,  in  which 
lie  had  described  the  locality  aad  figured  soms  of  the  bones. 
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the  south-east  corner  of  the  new  dock,  and  were  lying  in  a 
bed  of  wet  gravel  and  shingle  mixed  with  the  shells  of 
oyster,  mussel,  cockle,  immediately  on  the  top  of  the  red 
boulder  clay,  and  at  a  depth  of  28  feet  below  the  surface  of 
the  ground,  10  feet  above  low- water  level,  16  feet  below 
high-water  level,  and  at  a  distance  inland,  southwards,  of 
about  450  yards  from  high-water  mark.  The  material  over- 
lying the  bones  was  a  bed  of  gravel  or  shingle  10  feet  in 
thickness,  above  which  14  feet  of  sand  intermixed  with  thin 
beds  of  shingle  and  common  sea  shells,  varying  from  2  to  8 
inches  in  thickness,  were  superimposed. 

Another  skull  of  Bos  primigenius  was  obtained  during  the 
excavation  for  the  gas-holder.  It  was  imbedded,  says  Mr 
Boyd,  in  soft  sandy  silt  at  a  depth  of  10  feet  below  the 
surface  of  the  ground,  at  about  high-water  level,  26  feet 
above  low- water  level,  and  at  a  distance  of  1000  yards 
inland  from  high-water  mark  in  a  southerly  direction  from 
the  position  of  the  bones  found  in  the  dock  excavations,  and 
at  a  16-feet  higher  level  than  those  bones.  The  soft  silt 
overlaid  the  skull  to  a  height  of  5  feet ;  above  the  silt  was 
4  feet  of  alluvial  clay  and  1  foot  of  surface  soil  Boring 
operations  proved  that  the  silt  was  continued  to  the  depth  of 
20  feet  below  the  surface.  The  collection  consisted  of  bones 
both  of  marine  and  terrestrial  mammals,  and  the  locality  waSj 
in  the  opinion  of  Mr  Hugh  Miller,  jun.,  of  the  Geological 
Survey,  an  ancient  raised  beach  (see  Appendix,  p.  338). 

One  antler  of  the  red  deer  was  a  very  fine  specimen.  It 
was  the  right,  and  a  portion  of  the  frontal  bone  was  attached 
to  it.  Its  length  in  a  straight  line  from  the  burr  to  the  tip 
of  the  highest  point  was  33  inches.  The  brow  point  was 
unfortunately  broken  off  close  to  the  root,  but  the  bay  and 
tray  points  were  both  entire,  the  one  10 J  inches,  the  other  8 
inches  long.  The  beam  spread  out  at  the  summit,  and  gave 
origin  to  five  points  or  crockets ;  the  crocket  points  were 
somewhat  rubbed,  probably  from  friction  against  the  gravel. 
The  surface  of  the  beam  was  grooved  and  tuberculated.  The 
circumference  of  the  beam  between  the  burr  and  the  brow 
antler  was  8f  inches.  The  second  antler,  also  the  right,  was 
much  smaller,  and  had  a  portion  of  the  frontal  bone  attached. 
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It  poaseased  the  brow,  bay,  and  tray  points,  but  the  points  at 
the  summit  of  the  beam  were  broken  off,  so  that  neither  their 
number  nor  the  full  length  of  the  antler  could  be  ascertained. 
The  brow  point  was  ]  0  inches  long  in  a  straight  line,  and  the 
circumference  of  the  beam  between  it  and  the  burr  was  7^ 
inches.  The  bay  point  immediately  above  the  brow  point 
possessed  the  peculiarity  of  having  had  the  free  end  broken 
across  and  subsequently  repaired  by  bony  union ;  the  frac- 
ture and  subsequent  repair  must  of  courae  have  occurred 
when  the  antler  waa  covered  by  velvet  and  before  the 
atrophy  of  the  blood-veasels.  The  humerus  waa  of  the  right 
limb,  and  measured  9  inches  from  the  head  to  the  radial 
articidar  surface,  and  2  inches  across  the  condyloid  end. 

The  cetacean  bones  consisted  of  two  vertebKe,  One,  the 
larger,  was  the  caudal  vertebra  of  a  finner  whale,  probably  . 
the  Balcenoptara  mtisculus.  The  spine  and  transverse  pro- 
cesses were  so  much  broken  that  the  full  dimensions  of  the 
bone  could  not  be  obtained.  The  dimensions  of  the  body 
were,  however,  taken :  antero-posterior  diameter,  8  in. ;  trans- 
verse dia.meter,  6i  in.;  vertical  diameter,  5^  iu.  The  bone 
was  from  an  adult  whale,  as  the  epipliysial  plates  were  com- 
pletely fused  with  the  body.  The  smaller  vertebra  was  a 
lumbar  from  one  of  the  toothed  whales,  probably  a  GlohiO' 
cepkalus.  The  ends  of  the  spine  and  transverse  processes 
were  broken  off,  the  body  also  waa  injured,  and  the  bone  had 
the  appearance  of  having  been  rolled  about  amongst  the 
gravel.  The  following  measurements  are  only  approxi- 
mative :  height  of  the  entire  bone,  10  in. ;  between  transverse 
processes,  11  in.;  antero-posterior  diameter  of  body,  4  in.; 
height  of  body,  3  in. ;  transverse  diameter  of  body,  3J  in. 

One  skull  of  the  Bos  primigenius,  viz.,  that  from  the  dock 
excavation,  consisted  of  the  perfect  horn  cores,  and  the 
intermediate  part  of  the  cranium.  The  horn  cores  had  the 
characteristic  form  belonging  to  this  ox.  The  distance 
between  their  tips  was  27  in. ;  the  breadth  between  their 
moat  projecting  convexity,  35 J  in.;  greateat  breadth  be- 
tween their  roots  across  the  frontal  bone,  12  in.;  breadth 
of  the  supra-occipital  ridge,  7  in. ;  girth  of  the  base  of 
the  horn  core,  12^  in.     The  other  skull  from  the  gas-work 
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was  also  much  injured,  and  both  the  horn  cores,  subsequent 
to  the  discovery  of  the  skull,  were  broken,  the  left  about 
midway  between  the  base  and  the  tip,  the  right  nearer 
to  the  tip.  The  greatest  breadth  between  their  roots  across 
the  frontal  bone  was  11 J  in.;  breadth  of  supra-occipital 
ridge,  8J  in. ;  girth  of  the  base  of  the  horn  core,  12^  in. 
As  the  occipito-sphenoid  part  of  this  skull  was,  however, 
present^  the  dimensions  of  the  foramen  magnum,  and  at  the 
occipital  condyles,  were  also  taken.  The  extreme  width 
between  the  two  condyles  was  5f  in.  The  width  of  the 
foramen  magnum  was  1|^  in. ;  its  antero-posterior  diameter 
was  the  same. 

The  right  half  of  the  lower  jaw  of  the  Bos  jn^migenius  was 
almost  entire,  only  a  small  part  of  the  anterior  border  of  the 
ascending  ramus  and  the  socket  for  the  outer  incisor  having 
been  broken  away.  As  this  is  apparently  the  only  specimen 
of  the  lower  jaw  of  this  animal  which  has  been  found  in 
Britain,  I  shall  compare  its  dimensions  and  characters  with 
those  of  the  corresponding  part  of  the  lower  jaw  of  the 
Hamilton  wild  white  ox  in  the  Anatomical  Museum  of  the 
University  of  Edinburgh. 

Extreme  Length,     . 

From  angle  to  tip  of  corouoid, 

From  angle  to  top  of  condyle, 

Height  of  coronoid, 

Length  of  molar  alveoli. 

Height  behind  last  molar  alveolus, 

The  mandible  exactly  fitted  the  large  skull  of  the  fine  Bos 
primigenius  in  the  Anatomical  Museum  of  that  University, 
described  by  me  in  1859 ;  it  belonged,  therefore,  to  a  full- 
grown  animal.  Three  true  molars  and  the  last  premolar 
were  in  place,  the  other  premolars  and  the  incisors  were 
absent,  although  their  sockets  were  present.  The  molars  were 
so  far  worn  down  that  a  section  through  the  external  accessory 
lateral  column  was  in  the  grinding  surface  of  the  crown.  In 
its  general  configuration  this  bone  corresponded  closely  with 
that  of  the  Hamilton  white  ox,  though  the  latter  had  a 
longer  and  more  attenuated  coronoid  process ;  in  its  length, 
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iiowever,  the  fosail  conaiderabJy  exceeded  the  recent  mandible, 
and  obviously  belonged  to  a  niucb  larger  animal. 

Tlie  left  humerus  of  Bos  primiijenius  was  perfect,  except 
that  the  two  tuberosities  were  injured.  Its  length  from  the 
Iiead  to  the  radial  articular  surface  was  15f  in. ;  the  breadth 
at  the  condyles  was  5J  in.  It  was  a  more  massive  bone 
than  the  right  humerus  of  the  same  species  described  by 
me  in  1859.  The  right  tibia  was  perfect,  and  a  massive 
boue;  its  extreme  length  was  ISJ  in.;  the  greatest  breadth 
at  the  upper  end  was  5-jV  in.;  at  the  lower  end,  3^  in. 
The  right  metatarsal  bone  was  perfect;  its  extreme  length 
was  12J  in. ;  its  breadth  at  the  upper  end,  2|  in. ;  at  the 
lower  end,  3-j^  in.  These  long  bones  were  not  rubbed,  but 
their  muscular  ridges  and  articular  surfaces  were  sharp  and 
well  defined  as  in  a  recent  bone ;  their  dimensions,  however, 
were  considerably  greater  than  in  the  skeleton  of  the 
Hamilton  wild  white  ox.  I  have  not  thought  it  necessary 
to  give  the  precise  dimensions  of  the  corresponding  limb 
bonea  in  the  Hamilton  ox,  as  their  measurements  have 
already  been  recorded  by  Dr  John  Alexander  Smith  in  his 
"Notes,"  above  referred  to,  p.  (ilij. 


Appendix  on  the  Geology  of  tiik  Silloth  Dock. 

By  Hugh  Mii.LEii,  Eaq.,  F.G.S.,  H.M.  Gcohgkal  Survey. 

I  visited  the  New  Dock  at  Silloth,  and  examined  the  section, 
during  the  progress  of  the  excavations  in  Marcli  1884,  about 
two  months  after  the  discovery  of  the  skull  of  Bos  primi- 
g&nius.  A  year  later,  when  there  was  some  prospect  of  my 
notes  being  brought  into  requisition,  I  had  occasion  to  revisit 
Silloth,  and  confirmed  some  important  particulars  in  wliich 
my  account  differs  from  that  of  previous  observers.  On 
both  occasions  I  was  much  indebted  to  the  courtesy  of 
Mr  J.  T.  Middleton,  C.E. ;  and  in  March  last  to  tliat  of 
Dr  Leitch,  the  President  of  the  Silloth  and  Holme  Cultram 
Literary  and  Scientific  Society,  to  whose  paper,  "  Notes  on 
the  Geological  Formation  and  Fossils  of  the  Silloth  New 
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Dock,"  ^  I  also  have  pleasure  in  acknowledging  my  indebted- 
ness. Occasional  notes  on  the  same  subject  have  been 
published  in  the  same  volume  (p.  214)  by  my  late  colleague, 
Mr  T.  V.  Holmes,  F.G.S.,  chiefly  communicated  to  him  by 
Mr  Goodchild. 

The  entire  section  consisted  of  superficial  deposits,  viz.^  a 
thick  foundation  of  red  boulder-clay  below,  penetrated  to  a 
depth  of  30  feet  without  signs  of  rock ;  and  recent  marine 
deposits  above,  originally  about  30  feet  thick,  and  covered 
over  with  blown  sand.  The  following  represents  the  full 
section  from  the  original  surface  to  the  bottom  of  the  dock 
— which  is  on  the  mean  low-water  level  of  ordinary  spring 
tides : 

Feet. 

5.  Blown  sand,  previously  removed;  partly  re-de- 
posited by  the  wind  while  the  excavations  were 
in  progress,  .  .  .  .  .        — 

4.  Sea  sand  and  fine  shingle,  intensely  current-bedded, 
containing  waterworn  fragments  of  recent  shells, 
and  some  lumps  and  thin  layers  of  drifted  peat. 
Mammalian  bones  in  lower  part,  originally         29 

3.  Shell-bed ;  a  dark  and  fetid-looking  mash  of  gravel 
and  mud.  Shells  unbroken;  valves  sometimes 
together.  Large  stones  with  some  oysters  ad- 
herent, and  crusted  with  serpula  and  corallines 
(Lepralia),  ....    about  1 

2.  Unconformity,         .  .  .  .  .        — 

1.  Gritty  red  boulder-clay  or  gravelly  till;  and,  in  the 
south-east  corner  of  the  dock,  laminated  brick 
clay,  .  .  .  .  .  .10 

The  till  was  the  ordinary  boulder-clay  of  the  lowlands, 
coloured  Indian- red  by  the  red  rocks  of  the  district;  partly  a 
gritty  clay,  partly  a  clayey  gravel;  and  containing  a  great 
variety  of  boulders  not  necessary  to  name  here.  A  number 
of  the  boulders  had  been  finely  glaciated  atop  in  situ,  and 
some  excellent  illustrations  presented  themselves   of  the 

^  Trans.  Cumberland  and  Westmoreland  Assoc,  No.  ix.,  1883-84,  p.  169. 
VOL.  VIII.  Y 
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fluxion-atnicture  comiounicated  to  the  till  by  the  heavy  drag 
of  the  glaciers  over  it.^  Here  and  there  were  some  current- 
laid  seams  of  sand  and  gravel ;  a  bed  of  reddish  laminated 
clay  without  stones  lay  in  the  south-east  corner. 

The  upper  surface  of  this  till  and  clay  was  even  but  nob 
level,  swelling  gently  up  into  a  low  arch  near  the  middle  of 
the  new  dock,  and  shelving  rapidly  seawards  towards  the 
outer  extremity  of  the  old  one,  which  (the  outer  part)  waa 
consequently  founded  on  piles.  The  till,  its  seams  o£ 
gravel,  and  the  laminated  clay,  had  been  cut  clean  across 
before  the  deposit  of  the  shell  bed  overlying. 

Tliere  therefore  exists  at  Silloth  that  unconformity  between 
the  glacial  deposits  and  the  post-glacial  which  seems  to 
characterise  their  relations  throughout  the  south  of  Scotland.^ 
The  Shdl-bed. — The  shells  that  gave  to  this  thin  bod  its 
character  had  lived  and  died  undisturbed  where  they  lay. 
The  common  shells,  so  far  as  I  observed,  were  the  common 
oyster — sometimes  to  be  seen  sticking,  along  with  large 
barnacles,  to  the  stoneB,  and  often  much  perforated  by  Clwrut; 
Pecten  opertyidaris  in  various  stages  of  growth ;  the  common 
cockle  and  mussel ;  Fums  antiquiis,  Buccinum  undaium,  and 
some  specimens  of  Littorina  liUorea  and  Turritella  communis. 
Tapis  pullastra  was  observed  with  its  valves  closed.  Here 
and  there  stood  a  boulder  of  Criffel  granite  or  some  other 
stone  richly  crusted  with  coraEines  (Lepralia)  and  serpulai. 
One  of  the  largest  of  these  crusted  boulders  of  Criffel  granite 
(about  li  foot  in  diameter)  rested  on  the  surface  of  the 
stoneless  laminated  clay.  The  matrix  of  this  shell-bed  was 
for  the  most  part  a  bluish  fetid-looking  mud,  much  mingled 
with  stones.  The  large  jaw  of  Bos  priiniijenius  had  mani- 
festly, from  its  dark- staining,  lain  upon  or  among  it.  The 
general  appearance  of  the  bed  waa  pretty  conclusively  that 
of  a  sea-bottom.  Its  present  position  is  from  10  to  12  feet 
above   ordinary   low-water   level.     It  probably  marks   the 

'  Sue  Fig.  11  of  tlie  writer's  pnper  "  On  Boulder-Glaciation,"  p.  181  of  tliia 
volume. 

"  Crosskey  and  Robertson;  Monograph  (Palseoiitological  Society)  of  tho 
Post-Tertiary  Entomostrapa ;   Piof.  James  Gelltio,  Prehistoric  Europe,  chap. 
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existence  of  shallow  sea  placed  some  distance  beyond  reach 
of  the  deposits  of  shifting  sand  which  at  present  occupy  the 
upper  part  of  the  Solway  Firth. 

The  Gurrerd-bedded  Sand  and  Shingle. — The  remainder  of 
the  marine  deposit  was  intensely  current-bedded  from  top  to 
bottom.  Its  shells  for  the  most  part  were  wasted  and  broken, 
and  scattered  about  at  random.  They  had  evidently  been 
washed  to  and  fro  in  the  ceaseless  currents  to  which  the  whole 
bed  testified.  A  valve  of  Pholas  Candida,  found  in  sand  near 
the  bottom,  was  among  the  few  remains  of  shell  life  which 
had  escaped  unwasted,  probably  from  its  lightness.  The 
other  shells  were,  I  think,^  chiefly  mussels  and  limpets. 

The  gravel,  like  the  sand,  was  inconstant  and  false-bedded. 
In  parts  of  the  dock  it  had  been  laid  down  in  good  thick 
beds  as  much  as  ten  feet  in  thickness  and  of  great  value  to 
the  contractors ;  but  these  I  observed  wedging  out  into  the 
sand,  or  dividing  up  amongst  it  like  the  rays  of  a  fan.  I  had 
gone  to  the  dock  expecting  to  find  a  general  slope  of  the 
bedding  seawards — like  that  of  the  present  beach.  There 
was  no  such  slope :  and  I  may  also  remark  that  I  failed  to 
detect  the  general  slope  shorewards  which  my  colleague,  Mr 
Goodchild,  seems  to  have  remarked.^  But  in  any  case  the 
deposit  was  one  mass  of  current-bedding  as  if  laid  down 
by  shifting  currents  in  a  waterway.  There  was  not  a  hori- 
zontal layer  in  the  whole.  Here  and  there  were  lumps  and 
thin  layers  of  current-drifted  peat,  and  a  few  snags  of  sodden- 
looking  wood.  Towards  the  bottom  there  had  been  much 
circulation  of  underground  water  above  the  retentive  till, 
and  the  gravel  was  rusted  and  stuck  together  in  masses  by  a 
deposit  of  hydrous  peroxide  of  iron.  When  I  visited  the  dock 
the  water  was  still  streaming  out  from  the  side  nearest  the 
town,  the  wells  of  which  had  been  partly  tapped  owing  to 
the  continuity  of  the  deposit  for  some  distance  inland. 

Some  of  the  bones  bear  the  rusty  colouring  of  these  lower 

^  I  regret  that  my  notes  of  the  shells  of  the  whole  deposit  are  rather 
meagre.  I  was  informed  that  large  collections  were  being  made  by  the  then 
curate  of  Silloth  with  a  view  to  its  elucidation.  The  lists,  however,  if  they 
exist,  have  not  been  made  available  for  quotation  here. 

*  Trans.  Cumberland  and  Westmoreland  Assoc,  No.  ix.,  1883-84,  p.  214. 
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ferrnginouB  beds ;  all  of  them  except  the  jaw  of  Bos  primi- 
genius  came  from  the  lower  part  of  this  sand-aiid- shingle 
deposit.  The  ekuU  lay  at  the  very  bottom,  about  28  feet 
from  the  surface.     The  large  huiueri^  belonging  to  the  same 

|. 

^  rian  ot  New  Dmi,  Silloth.'    Scnle,  1  ini;h  =  420  feet.     Position  of  the 

Fossils  inarlced  by  a,  circle,  within  the  circuruference  of  whicii  tlioy  wertj 
probably  nil  I'ound.  Ths  iigarea  give  the  elevation  of  the  top  of  the  marine 
deposit  above  th«  level  of  ordinary  spring  tides  in  foet  and  iaches  as  deter- 
mined by  theodolita  ;  thnt  on  the  left  is  apiiroiimate. 

Species  was  found  about  10  feet  hi<^her,  or  IS  feet  from  the 
surface.  The  large  antler  of  red  deer  appears  to  have  laiu  at 
some  yards  distance  at  about  the  same  level ;  and  the  smaller 
one,  the  first  of  the  bones  met  with,  about  a  foot  higher.  All 
the  other  bones  lay  near  the  red  clay,  and  within  a  few  yards 
of  the  skulL^  One  of  the  cetacean  vertebra:  was  rolled  and 
worn ;  the  other  bones  were  fresh  and  unwasted. 

The  upper  part  of  this  deposit  had  been  largely  removed 
before  I  visited  the  spot.  At  various  points,  however,  vary- 
ing from  25  to  35  yards  from  the  edge  of  the  dock,  parts  of 
the  original  surface  are  still  preserved,  and  my  friend  Mr  J. 
T.  Middleton,  one  of  the  contractors,  kindly  had  the  levels 
detennined  by  theodolite  whilst  I  remained  on  the  spot. 
The  surface  had  been  a  slightly  undulating  one.  The  highest 
point  observed  was  14|  feet  above  the  level  of  ordinary  spring 

'  Reduced  from  a  plan  on  the  largest  Ordnance  Scale  communicated  by  Mr 
J.  T.  Middleton.     The  figures  are  added. 

'  Tlieae  particulars  are  fully  given  in  my  friend  Dr  Leitcli's  paper  (loc 
Ht.,j>p.  171,  172). 
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tides,  and  7  or  8  feet  above  the  highest  tide  recorded  at 
Silloth.  The  deposit,  therefore,  belongs  entirely  to  the  period 
of  the  raised  beaches,  dating  back  probably  to  the  elevation 
of  the  country  from  the  "  50-feet "  to  the  "  25-feet "  level  as 
recorded  in  Scotland  generally,  and  certainly  not  added  to 
since  the  upheaval  of  the  10  to  15  feet  beach  now  traceable 
round  the  Solway  from  Scotland  into  England,  and  known 
on  both  sides  of  the  country.  From  evidence  furnished  at 
the  two  ends  of  Hadrian's  Wall,  it  seems  indubitable  that  the 
North  of  England  has  undergone  no  change  of  level  since  the 
Eoman  occupation.^ 

Blown  Sand, — "  When  the  old  dock  was  made,"  says  Dr 
Leitch,^  "  and  when  the  lines  of  railway  leading  to  it,  and 
which,  until  lately,  ran  over  the  site  of  the  new  dock,  were 
laid  down,  several  sand  dunes,  20  to  30  feet  in  height,  had 
to  be  removed."  The  sand-drift,  however,  did  not  cease. 
Much  to  the  annoyance  of  the  workmen,  it  even  continued 
more  or  less  throughout  the  progress  of  the  new  dock,  and 
in  spite  of  the  precautions  of  the  contractors.  The  chance 
cuttings  or  scoop-shaped  slips  at  the  edges  of  the  new 
excavation  were  in  this  way  levelled  by  fresh  sand-deposits, 
and  the  top  section  of  the  dock-cutting  assumed  much  the 
appearance  of  lonafide  blown  sand. 

My  friend,  Dr  Leitch,  to  whom  I  have  already  had  occasion 
to  acknowledge  my  indebtedness,  and  who  visited  the  dock 


^  Dr  Collingwood  Bruce,  "Handbook  to  the  Roman  Wall,"  1884,  pp.  88, 
222.  These  facts  seem  not  to  be  generally  known  among  geologists.  I  make 
no  apology  for  qaoting  Dr  Bruce:  ''Mr  Buddie,  the  famous  coal  engineer, 
told  the  writer  that  when  bathing  in  the  river  (the  Tyne)  as  a  boy,  he  had 
often  noticed  the  foundations  of  this  wall  (at  Wallsend,  on  the  Tyne)  extend- 
ing far  into  the  stream.  Mr  Leslie  has  seen  it  go  as  far  into  the  water  as  the 
lowest  tides  enabled  him  to  observe  "  (p.  38).  And  again,  "  At  Wallsend  we 
have  seen  that  the  eastern  wall  of  the  station  was  continued  down  the  hill 
to  a  point  below  low- water  mark  in  the  river  Tyne ;  a  similar  arrangement 
prevailed  here.  Mr  M*Lauchlan  says,  *  Beyond  Bowness  ....  the 
old  inhabitants  point  out,  at  about  250  yards  from  the  north-west  angle 
of  the  station,  a  spot  where  a  quantity  of  stone  was  dug  out  of  the  beach 
many  years  since  for  building  purposes,  and  the  line  of  it  was  followed 
for  some  distance  under  the  sand  without  arriving  at  the  end  of  it' 
(p.  222). 

2  Loe.  dtf  p.  170. 
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along  with  my  colleague,  Mr  Goodchild,  has  thus  heen  led  to 
give  the  section  as  consisting  of  about  8  feet  of  blown  sand, 
and  only  about  20  feet  of  marine  deposits.  These  8  feet,  as 
it  chances,  make  all  the  difference  between  a  modern  coast 
deposit  and  a  much  more  ancient  raised  beach. 

Probable  Succession  of  Events  as  Testified  by  this  Section. 

The  order  of  events  which  led  to  the  formation  of  the 
deposits  thns  described  may  have  been  somewhat  as  follows:— 

1.  The  ice  age :  glacier  ice  moving  heavily  over  the 
boulder- clay. 

2.  Gap,  not  now  represented  by  any  deposit  in  the  section. 
Formation  of  the  arctic  marine  deposits  of  the  lOO-feet 
beach  of  Scotland,  and  close  of  the  ice  age.  Denudation, 
possibly  submarine,  but  more  probably  resulting  from  an. 
elevation  of  the  coast,  sufQcient  at  least  to  bring  the  deposits 
within  range  of  coast  denudation.  A  few  boulders  washed 
from  the  boulder-clay  and  left  lying  on  the  top.'  Finally, 
the  country  for  a  time  brought  to  a  stand  some  40  or  50  feet 
below  present  sea-level. 

3.  Shallow  sea  7  or  8  fathoms  deep ;  oyster  scalps,  etc. ; 
little  or  no  deposit  from  off-shore. 

4.  Elevation  of  the  coast  to  the  25  or  30  feet  level ;  water 
shallowed ;  sti-ong  currents ;  a  great  sea-drift  of  sand,  etc ; 
carcases  of  animals,  blown  up  by  gases  of  decomposition 
floating  past  and  dropping  to  pieces,  and  perhaps  kept 
circling  in  some  bight  of  the  shore  or  little  eddy  near  it; 
some  peat  and  wood  carried  to  sea  from  the  peat  bogs  in  the 
interior.     Possible  oscillations  of  the  coast-line. 

5.  Elevation  into  present  position  some  time  prior  to  the 
Roman  occupation.     Sand  dunes. 

'  In  this  section  there  b  unfortanately  no  trace  of  a  land  surface  nor 
evidence  of  the  continental  foreat-epoch  of  "  Pre -historic  Europe"  except 
the  fact  of  ths  un conformity,  and  the  denudation  to  which  it  seems  to  point. 
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XXVI.  On  some  Modifi^cations  of  Recording  Apparatus  for 
Physiological  Purposes,  By  R  Milne  Murray, 
Esq,  M.A.,  M.B.     [Plates  XII.-XV.] 

(Read  18th  February  1885.) 

Experimental  Physiology  depends  to  such  an  extent  on 
the  graphic  method  for  the  record  of  observations,  that  it 
may  be  said  that  Eecording  Apparatus  is  the  first  item  in  the 
furnishing  of  the  laboratory.  Accordingly,  physiologists  and 
mechanicians  have  combined  to  render  such  apparatus  so 
complete  and  so  well  adapted  for  all  purposes,  that  it  would 
seem  little  remains  to  be  done  in  the  way  of  increasing  its 
efficiency.  The  Kymographion  of  Ludwig,  and  even  more  so 
the  elaborate  system  devised  by  the  Cambridge  Scientific 
Instrument  Company,  are,  indeed,  so  complete  and  perfect  in 
all  details,  as  to  render  them  undoubtedly  capable  of  meeting 
all  demands  which  could  be  made  on  such  apparatus.  But 
this  very  elaboration  and  perfection  of  detail  has  only  been 
obtained  at  the  expense  of  much  labour  and  skill,  and  the 
construction  of  the  apparatus  demands  the  highest  proficiency 
in  workmanship.  The  consequence  is,  that  the  cost  of  such 
instruments  is  very  great ;  and  while,  of  qourse,  there  need 
be  -  no  great  difficulty  in  their  being  provided  for  a  well- 
endowed  laboratory,  this  cost  places  them  beyond  the 
means  of  most  private  workers,  and  is  a  serious  obstacle  to 
private  research.  And  while  we  may  admit  that  we  must 
look  to  the  workers  in  regular  laboratories  undertaking  those 
inquiries  demanding  the  greater  amount  of  time  and 
application,  we  need  not  doubt  that  there  are  many  points  of 
great  physiological  interest  which  may  readily  be  investigated 
by  those  who  have  neither  by  right  nor  by  favour  the  com- 
mand of  the  resources  of  a  public  laboratory.  But,  on  the 
other  hand,  such  attempts  are  precluded  by  reason  of  the 
grave  initial  cost  of  the  apparatus  demanded. 

With  a  view,  then,  of  bringing  such  inquiries  more  nearly 
within  the  limits  of  private  means,  I  have  ventured  to 
describe,  in  this  paper,  an  apparatus  which  I  have  employed 
for  some  time,  and  which  I  find  to  answer  all  purposes  of 
both  smoked  and  continuous  paper  work. 
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The  recommendation  whicli  I  claim  for  tliis  machine  is 
that  of  cheapness  combined  with  an  efficiency  which  enahles 
it  to  meet  all  ordinary  demands.  I  do  not  mean  to  surest 
that  it  possesses  any  advantage  over  the  other  forms  referred 
to,  other  than  that  it  is  much  cheaper  than  any  with  which 
I  am  acquainted,  and  that  I  have  never  found  it  incapable 
of  fulfilling  any  demand  I  have  had  to  make  ou  it  in  the 
course  of  an  inquiry  which  has  proved,  I  believe,  a  fair  teat 
of  its  efficiency. 

The  essential  characters  of  a  good  recording  apparatus 
seem  to  me  to  be : — 

1.  That  it  have  a  steady  motion. 

2.  That  it  poasesa  a  reasonable  variety  of  speeds. 

3.  That  it  can  he  readily  adaptable  for  both  smoked 

and  continuous  paper  work. 
Tlieae  properties  will,  I  believe,  be  found  in  the  apparatus  1 
am  about  to  describe. 

1.  Apparatus  foe  Smoked  Paper. 
The  motive  power  employed  is  a  strong  clock  driven  by  a 
spring,  and  capable  of  running  for  15  minutes  withoiit 
re-winding.  It  can  of  course  be  wound  without  interfering 
with  the  running.  This  part  of  the  apparatus  was  originally 
made  from  drawings  by  Mr  John  Shewan,  at  one  time 
laboratory  assistant  to  Professor  Rutherford.  It  is  shown 
with  the  drum  attached  in  PL  XII.,  Fig.  1.  The  clock  has 
a  train  of  five  wheels,  and  is  supported  between  two  plates 
10  in.  by  3J  in.  The  last  wheel  of  the  train  is  bevelled  and 
drives  a  horizontal  spindle,  carrying  a  regulator  of  very 
simple  construction,  and  which  seems  to  me  to  serve  all  the 
purposes  of  the  more  complex  governors  usually  applied. 
It  is  shown  in  PI,  XII.,  Fig.  2.  The  spindle  referred  to 
carries  a  crosspiece  of  brass  having  four  square  eyes,  two  in 
each  side  of  the  spindle.  Into  these  eyes  a  short  brass  wire 
(square  in  section)  passes  on  either  side.  This  wire  carries 
at  its  further  end  a  thin  metal  plate,  2  in.  by  1  in.,  and 
moves  freely  in  the  eyes.  The  plates  are  pulled  towards  each 
other  by  a  spiral  spring  of  slender  wire,  the  ends  of  which 
are  hooked  into  holes  piercing  the  near  sides  of  the  plates. 


I 
I 


On  some  Modifications  of  Recording  Apparattis.       347 

When  the  clock  starts  running,  the  speed  increases,  the  plates 
tend  to  separate,  and  offer  an  increased  resistance  to  the  air. 

Two  diflferent  speeds  can  be  obtained  by  means  of  an 
interchangeable  gearing  between  the  fourth  and  fifth  wheels  of 
the  train.  By  moving  a  check  on  the  lower  clock  plate,  the 
arbor  of  the  fourth  wheel  can  be  shifted  so  as  to  bring  a  pair 
of  wheels  of  different  diameters  into  gearing,  and  thus  the 
speed  is  increased  four  times.  The  arbor  of  the  second  wheel 
is  carried  1  in.  through  the  upper  plate,  and  is  brought  to  a 
quick  point.  On  this  fits  tightly  a  circular  brass  disc  1|  in. 
in  diameter,  in  such  a  way  as  to  have  the  pointed  end  of  the 
arbor  projecting  ^  in.  This  disc  has  two  stout  steel  pins 
f  in.  in  length,  screwed  into  its  upper  surface  near  its  margin, 
and  separated  from  each  other  by  ^  in.  The  spring  is 
wound  from  the  end  opposite  the  regulator,  by  means  of  a 
key  acting  on  it  by  a  pair  of  bevelled  wheels. 

The  clock  rests  on  three  legs,  one  under  the  regulator,  and 
a  pair  at  the  opposite  end.  These  latter  are  continued  up- 
wards into  two  uprights,  3^  in.  apart  at  the  base,  and  1^  in. 
at  the  top,  where  they  are  connected  by  a  stout  crosspiece. 
Two  cross  bars  at  the  lower  part  of  these  give  a  firm  con- 
nection to  the  clockwork  by  means  of  strong  screws.  On  the 
piece  joining  the  top  of  the  uprights,  a  thick  arm  of  brass  pro- 
jects 3  in.  over  the  clockwork,  and  receives  at  its  further  end 
a  pointed  steel  screw  with  milled  head  and  running  washer. 
The  point  of  this  screw  is  exactly  over  the  pointed  end  of 
the  arbor  of  the  second  wheel,  which  carries  the  brass  disc 
referred  to  above.  The  drum  is  6  in.  in  diameter,  and  5|  in. 
deep,  and  is  similar  in  construction  to  the  drums  ordinarily 
employed.  It  is  provided  with  a  collar  and  clamping  screw 
at  the  top,  so  that  it  can  be  fixed  at  any  point  on  the  spindle 
which  carries  it. 

This  spindle  is  a  well-turned  steel  rod  8  in.  in  length, 
and  ^  in.  thick.  It  is  cupped  out  at  each  end,  so  as  to 
receive  the  bearing  points  already  described.  It  is  further 
pierced  by  a  hole  J  in.  from  the  lower  end.  When  in 
position  on  the  clock,  a  pin  passes  through  this  hole  and 
between  the  upright  steel  pins  on  the  disc.  Thus,  when  the 
clock  is  started,  the  spindle  is  carried  round  with  the  disc. 


When  the  pin  ia  withdrawn,  the  spiodle  and  drum  can  be 
rotated  in  any  direction  without  affecting  the  clock.  The 
couveniencft  of  this  arrangement  will  be  apparent  when  the 
eontinuoua  paper  apparatus  ia  described  (PI.  XII.,  Fig.  3), 
The  alow  speed  gives  one  revolution  in  35  seconds,  and  the 
quick  one  in  8  seconds.  The  clock  is  stopped  by  a  simple 
brake,  which  acts  on  a  disc  carried  by  the  governor  spindle. 
There  is  also  provided  a  rooie  rigid  check,  which  is  useful 
when  the  instrument  ia  being  moved  about.  Under  such 
conditions,  the  light  brake  referred  to  might  be  shaken  off, 
and  permit  the  clock  to  start.  This  extra  check  is  of  course 
not  required  when  the  clock  is  being  stopped  in  working,  as 
the  brake  referred  to  is  amply  secure  and  very  convenient. 

For  smoked  tracingrequiring  such  speed  as  that  mentioned, 
this  apparatus  will  be  found  quite  efficient.  It  would  serve 
well  for  demonstrating  such  experiments  as  those  on 
muscular  contraction,  etc.  It  ia  compact,  works  with  re- 
markable regularity,  and  can  be  employed  in  either  a  vertical 
or  horizontal  position. 

When,  however,  a  slower  rate  of  motion  is  required,  the 
apparatus,  as  described,  is  of  no  use ;  and  in  order  to  provide 
in  a  simple  and  economical  fashion  such  a  variety  of  speeds 
as  may  be  necessary,  I  have  made  the  arrangement  shown  in 
PI.  XIII. 

The  clockwork  already  described,  from  which  the  drum 
has  been  removed,  is  again  employed  as  the  motor.  It  is 
now  placed  on  a  bracket  fixed  to  the  end  of  the  table,  and 
placed  about  3  in.  lower  than  the  top  of  the  latter.  The 
steel  pins  in  the  disc  on  the  second  wheel  are  unscrewed, 
and  the  disc  itself  reversed  on  the  arbor.  The  disc,  which 
is  cut  with  a  groove  on  its  edge,  thus  forms  a  pulley.  A 
much  smaller  disc,  also  grooved  and  I  in.  in  diameter,  is 
fixed  on  what  is  now  its  upper  surface.  We  have  thus  a 
compound  puUey,  the  larger  portion  1^  in.,  and  the  smaller 
{  in.,  in  diameter,  turning  once  in  35  or  8  seconds  according 
as  the  clock  is  running  at  its  slow  or  quick  speed. 

The  drum  is  now  arranged  on  a  steel  spindle  of  the  same 
thickness  as  the  former  one,  but  16  in.  in  length.  This 
spindle  carries  near  its  lower  end  a  compound  pulley  of  three 
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parts — 6  in.,  4^  in.,  and  2J  in.  in  diameter  respectively. 
This  pulley  is  attached  to  a  collar  and  pinching-screw,  by 
which  it  can  be  fixed  at  any  point  on  the  spindle.  The 
spindle  is  cupped  at  both  ends,  and  turns  between  two 
bearing-points.  The  lower  one  is  fixed  to  the  horizontal  base 
of  a  strong  wooden  stand,  and  the  upper  is  borne  by  a  strong 
brass  arm,  which  projects  from  the  upright  part  of  the  stand. 

The  stand  is  made  of  two  pieces  of  thoroughly  seasoned 
mahogany.  If  in.  thick.  The  upright  part  measures  12|  in. 
by  8|  in.,  and  the  base  is  of  the  same  breadth,  and  7  in.  from 
before  backwards.  The  two  are  fastened  together  by  strong 
screws,  and  are  rendered  still  more  rigid  by  means  of  two 
iron  knees. 

As  already  stated,  the  base  carries  a  bearing-point  for  the 
lower  end  of  the  spindle.  This  is  fixed  to  a  brass  disc,  which 
is  screwed  down  to  the  wood,  and  is  set  3  in.  from  the  front 
and  the  same  distance  from  the  right  side  of  the  base.  This 
brings  the  side  of  the  drum  to  be  flush  with  these  sides  of 
the  base.  The  upper  bearing  is  carried  by  a  heavy  brass 
knee,  1\  in.  broad  and  1\  in.  thick,  firmly  screwed  by  its 
perpendicular  part  to  the  upright.  The  horizontal  arm 
carries  the  pointed  bearing-screw.  This  screw  is  similar  to 
that  in  the  frame  of  the  clock  already  described,  and  is  fixed 
in  the  same  way. 

The  distance  between  the  two  points  is  16J  in.  This 
length  of  spindle  enables  the  drum  to  be  moved  considerably 
more  than  twice  its  height  in  a  vertical  direction.  The 
pulley  on  the  spindle  is  adjusted  so  as  to  be  on  a  level  with 
the  pulley  on  the  clockwork,  when  the  latter  is  on  the 
bracket  at  the  end  of  the  table.  A  soft  cotton  cord,  forming 
an  endless  band,  passes  round  one  or  other  groove  on  the 
pulley  of  the  clock  to  one  of  the  pulleys  on  the  spindle  of 
the  drum ;  and  it  will  be  seen  that  a  considerable  variety  of 
speeds  can  be  obtained  by  changing  the  cord  from  one  groove 
to  the  other.  There  being  three  sizes  of  pulleys  on  the 
spindle  and  two  on  the  drum,  we  have  six  different  speeds 
with  each  speed  of  the  clock,  thus  giving  twelve  different 
speeds  by  this  means.  If  we  include  the  two  speeds  avail- 
able when  the  drum  is  driven  directly  by  clockwork,  we 
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have  Iq  all  fourteen  available  variations  of  rate  for  smoked 
work.  These  vary  from  one  revolution  in  8  seconds  to  one 
revolution  in  12  minutes.  "Were  further  differences  of  rate 
required,  they  could  be  obtained  by  increasing  the  complexity 
of  the  pulleys,  but  it  seems  to  me  that  the  arrangement  de- 
scribed is  ample  for  all  purposes. 

The  motion  is  exceedingly  steady,  and  the  stand  can  be 
readily  moved  on  the  table  so  as  to  adapt  it  to  the  recorders, 
it  being  only  necessary  to  see  that  the  band  is  kept  reasonably 
tight.  Further,  by  setting  the  clock  on  its  end  and  the  stand 
on  its  upright,  the  drum  can  he  made  to  rotate  in  a  horizontal 
position.  The  direction  of  rotation  can  also  be  readily  reversed, 
when  vertical  or  horizontal,  by  twisting  the  cord  on  itself. 

2.  Appaeatus  for  Costinuods  Paper. 
The  Cambridge  Scientific  Instrument  Company  supply,  at 
a  cheap  mte,  recording  paper  in  long  rolls  and  of  any 
breadth.  Each  of  these  rolls  is  provided  with  a  wooden  core 
2  in.  in  diameter,  and  pierced  by  a  hole  about  J  m  m  dia- 
meter. Such  a  roll  is  fitted  on  a  brass  bobbin,  the  details  uf 
which  are  seen  in  PI.  XIV..  Fig.  2.  The  bobbm  consist's  of  a 
brass  tube  a  little  shorter  tlian  the  core,  and  fitting  it  tightly 
This  tube  is  screwed  into  a  hole  in  a  circular  brass  plate  8 
in.  in  diameter.  The  whole  is  set  in  an  upright  iron  stand 
of  such  a  thickness  as  will  permit  the  tube  to  turu  on  it 
readily.  The  height  of  the  bobbin  is  regulated  by  a  collar, 
which  can  be  clamped  at  any  height  on  the  stand.  On  the 
top  of  the  core  rests  a  disc,  the  central  portion  of  which  is 
thicker  than  the  peripheral.  The  central  portion  is  1^  in.  in 
diameter,  and  bears  on  the  core,  the  thinner  part  projecting 
a  little  over  the  paper,  but  not  touching  it.  A  bow-shaped 
spring  made  of  flat  steel  rests  on  the  disc,  and  can  be  forced 
down  so  as  to  press  the  disc  on  to  the  core.  A  clamp  keeps 
the  spring  in  position.  By  this  means  the  resistance  of  the 
web  to  its  being  unwound  can  be  increased  or  diminished. 
The  end  of  the  paper  passes  round  the  drum  on  the  wooden 
stand  already  described,  which  acts  as  a  recording  surface, 
and  near  which  the  paper  bobbin  is  placed.  From  this  the 
paper  passes  on  to  a  brass  bobbin,  wliicli  is  now  set  on  the 
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clockwork  in  precisely  the  same  way  as  was  the  drum  in 
PL  XII.  This  bobbin  is  6^  in.  in  length,  3  in.  in  diameter, 
and  a  flange  at  its  lower  end  projects  2  in.  all  round. 
There  is  also  a  narrow  flange  at  the  top.  The  end  of  the 
paper  is  attached  to  this  bobbin  by  a  little  gum,  and  on  the 
clock  being  started  the  paper  is  wound  on  to  the  bobbin, 
passing  in  a  steady  fashion  over  the  drum,  which  turns  with 
it,  and  forms  an  excellent  recording  surface. 

This  simple  arrangement,  by  which  the  paper  is  wound  up 
as  it  passes  the  pens,  instead  of  running  out  on  the  table  or 
floor  as  it  does  in  some  other  forms  of  continuous  apparatus, 
is,  I  take  it,  a  considerable  advantage.  In  the  latter  case  the 
paper  gets  much  in  the  way,  and  is  apt  to  be  torn  when  it 
comes  to  be  rolled  up  or  examined,  the  coils  frequently 
getting  mixed  up.  The  only  objection  to  the  system  that  I 
can  conceive  is,  that  the  rate  of  motion  past  the  recorders 
will  increase  slightly  as  the  bobbin  gets  fiUed,  but  this  is  of 
course  readily  checked  by  the  time  markers.  Should  it  be 
desired,  however,  to  have  the  paper  running  out  without 
being  wound  up,  a  pair  of  friction  rollers  can  be  pressed  on 
to  the  bobbin,  and  the  paper  run  out  in  the  ordinary  way. 
The  attachments  for  these  rollers  are  seen  to  the  left  upright 
on  the  clock  frame,  PL  XIII. 

When  the  paper  is  to  be  removed  from  the  bobbin,  the 
web  is  cut  through,  the  clock  turned  on  its  end,  and  the  pin 
withdrawn  from  the  lower  end  of  the  spindle.  In  this  way 
the  paper  can  be  unwound  and  rolled  or  folded  into  lengths 
as  may  be  convenient. 

The  entire  apparatus  can  be  made  by  Messrs  H.  &  J. 
Millar,  clockmakers,  Castle  Bank  Works,  for  something  under 
£10. 

3.  Time  Marker. 

When  long  tracings  are  being  taken,  the  attention  de- 
manded in  order  to  keep  the  pens  supplied  with  ink  is  often 
considerable.  With  the  view  of  reducing  this  somewhat,  I 
venture  to  describe  an  arrangement  of  time-marking  pens 
which  I  have  found  exceedingly  convenient. 

The  idea  is  a  modification  of  the  neat  time-marker  of  the 
Cambridge  Scientific  Instrument  Company,  and  is,  I  believe. 
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adopted  by  them  since  I  suggested  it  some  time  ago.  The 
arrangement  is  seen  in  PI.  XV.,  Fig.  1.  The  small  electro- 
magnet ia  fixed  on  a  brass  plate,  and  draws  down  an  arma- 
ture carried  by  one  end  of  the  short  lever.  This  is  pulled 
away  again  by  a  spiral  spring  seen  in  front  of  the  pillar. 
The  other  end  of  the  lever  ends  in  a  binding  screw,  through 
which  passes  a  thin  wire  about  3  in.  long.  This  wire  is  bent 
at  its  further  end  in  the  way  seen  in  the  figure,  and  s 
as  the  means  of  attachment  of  a  piece  of  fine  vaccine  tube 
bent  at  right  angles,  the  point  of  tlie  horizontal  half  of  which 
presses  on  the  paper.  The  vertical  arm  of  the  tube  dips  into 
&  bi-ass  cup  carried  at  the  end  of  another  wire  which  passes 
through  a  hole  in  the  pillar,  in  which  it  ia  secured  hy  a 
pinching  screw.  This  cup  is  filled  with  ink,  which  flows  by 
capillarity  along  the  tube,  and  runs  steadily  out  on  the 
moving  paper.  The  most  convenient  way  of  fixing  the 
vaccine  tube  to  the  wire  is  by  means  of  one  or  two  turns  of 
Hne  silver  suture  wire.  If  thread  is  employed  it  ia  apt  to 
tighten  when  wet,  and  often  anaps  the  tube.  Such  an 
arrangement  will  work  contiimously  for  many  hours  with  no 
further  trouble  than  the  occasional  supply  of  a  few  drops  of 
ink  to  the  cup.  If  smoked  paper  is  to  be  used,  it  is  only 
necessary  to  remove  the  cup  and  ink  tube  and  attach  a  wire 
carrying  a  sharp  writing  point  to  the  binding  screw  on  the 
lever. 

4.  Laboratory  Clock. 

I  have  had  a  simple  form  of  laboratory  clock  constructed 
which  has  proved  satisfactory  and  convenient. 

The  clock  is  driven  by  a  spring  acting  on  a  train  through 
a  fusee,  and  is  thus  regular  for  all  states  of  the  spring.  The 
pendulum  is  a  half-seconds  one,  and  the  dial  is  divided  into 
thirty  divisions,  and  is  traversed  by  the  pointer  once  in 
fi;fteen  seconds — one  division  corresponding  to  half  a  second. 

Across  the  frame  of  the  clock,  behind  the  works,  a  narrow 
wooden  bar  is  fixed,  through  a  slot  in  which  the  pendulum 
rod  swings  (PI.  XV.,  Fig.  2).  The  rod  is  of  brass,  and 
carries  a  brass  block  at  its  middle  point,  the  lateral  surfaces 
of  which  are  covered  with  platinum.  On  each  side  of  the  slot 
a  brass  pillar  carries  in  a  vertical  position  an  exceedingly 
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light  French  clock  pendulum  suspension.  Each  suspension 
is  pierced  by  a  fine  screw  tipped  with  platinum.  These 
screws  are  so  adjusted  as  just  to  touch  the  surface  of  the 
block  at  each  swing  of  the  pendulum.  One  pole  of  a 
bichrome  battery  is  connected  to  the  works  of  the  clock. 
The  current,  passing  down  the  pendulum,  passes  along  the 
screw  in  contact  and  on  to  the  time-marker,  with  one  end  of 
the  magnet  of  which  the  screws  are  connected.  The  other  end 
of  the  magnet  is  connected  to  the  other  pole  of  the  battery. 

The  contacts  are  in  metallic  connection  by  wires  leading 
to  a  binding  screw  on  the  side  of  the  clock.  But  a  key 
interposed  can  be  employed  to  break  the  circuit,  in  which 
case  the  pendulum  only  makes  circuit  on  one  side  of  its 
swing.  Thus  it  will  send  second-signals  to  the  marker; 
when  both  are  connected,  half-second  signals  will  be  sent. 
The  connections  are  obvious  from  the  diagram. 

It  is  often  necessary  to  keep  accurate  record  of  periods  of 
the  time  during  which  an  observation  is  to  be  made.  Periods 
of  five  minutes  or  upwards  can  be  readily  noted  from  a  watch 
or  ordinary  clock  with  sufiBcient  accuracy,  but  shorter  periods 
of  a  minute  or  less  cannot  be  so  readily  observed  without 
the  aid  of  a  special  assistant.  To  provide  for  this,  I  have 
made  an  addition  to  the  clock  referred  to,  which  answers  the 
purpose  well. 

To  the  end  of  the  arbor  of  the  scape  wheel  in  the  clock 
just  described,  a  small  steel  claw  is  fixed,  which  will  thus 
revolve  once  in  fifteen  seconds.  At  one  point  of  its  revolu- 
tion it  touches  and  closes  a  platman  contact  carried  on  a 
light  steel  spring.  This  momentary  contact  serves  to  energise 
a  small  electric  bell  connected  with  it,  and  placed  on  the 
experimental  table.  Thus  every  period  of  fifteen  seconds  is 
indicated  by  a  stroke  of  the  bell.  Another  wheel  of  the 
train  makes  one  revolution  in  two  minutes,  and  a  similar 
contact  is  adapted  to  its  arbor,  and  communicates  with  the 
magnet  of  another  but  larger  bell  set  on  the  same  stand.  By 
counting  the  strokes  of  the  two  bells,  periods  of  time  from 
fifteen  seconds  and  upwards  can  be  readily  noted  without 
lifting  the  eyes  from  the  table.  This  clock  is  made  by 
Mr  Bryson,  George  IV.  Bridge. 
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5.  Automatic  Key. 
Fig.  3,  Pt.  XV.,  shows  a  simple  key  which  can  be  em- 
ployed as  an  automatic  make  or  break  key.  It  ia  fixed  to 
the  upper  plate  of  the  clockwork  (PI.  XIL,  Fig.  1)  by  an 
adjustable  clamp  seen  in  the  figure.  It  ia  set  so  that  the 
arm  projecting  up  from  the  bar  of  the  key  is  just  touched  by 
aKglit  steel  spring  which  can  be  adjusted  to  the  lower  end  of 
the  drum,  hut  which  ia  not  ahown.  If  the  wires  are  attached 
at  the  binding  screws  on  the  right,  the  current  will  flow 
through  the  key  when  in  the  position  shown.  As  the  point 
of  the  drum  referred  to  comes  round,  it  touches  the  arm, 
throws  over  the  key,  and  breaks  the  current.  On  the  other 
hand,  if  the  wires  are  connected  to  the  screws  on  the  left, 
no  current  will  flow  with  the  key  in  the  position  shown,  but 
when  turned  over  by  the  drum,  circuit  will  be  made  by  the 
left  contact  dropping  into  the  mercury  cup. 


XXVII.  Remarks  on  the  Ovary  of  Echidna,  By  Frank  E. 
Beddakd,  Esq.,  M.A.,  F.R.S.E.,  F.Z.S.,  Pro«>ctor  to 
the  Zoological  Society  of  London.  [Plates  XVI., 
XVII] 

(Read  21at  JanuaTy  18S5.) 
During  the  past  year  the  re-discovery  by  Mr  Caldwell  of 
the  long-forgotten  fact  that  the  two  representatives  of  the 
order  Monotreraata  are  oviparous,  has  attracted  conaiderable 
attention  to  the  group,  and,  as  a  result,  a  number  of  com- 
munications on  the  subject  have  appeared  in  various  journals, 
scientific  and  otherwise.  More  particularly  to  be  noticed  are 
two  reviews — one  in  Natv/re}  by  Mr  Baldwin  Spencer,  and 
another  in  Science^  by  Mr  J.  Gill — which  give  an  account  of 
all  the  observations  concerning  the  eggs  of  the  Monotremata 
that  had  been  made  previously  to  Caldwell's  telegram  to  the 
British  Association  at  Montreal.  It  appears  that  Fleming, 
in  his  "Philosophy  of  Zoology"  (ii.,  p.  215),  which  was 
published  so  long  ago  as  1822,  was  the  first  to  call  attention 
'  Decmnber  11,  1334.  =  December  1884. 
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to  the  fact  that  these  mammals  lay  eggs;  he  stated  that 
specimens  of  the  eggs  had  been  sent  to  London.  A  few 
years  later  (1829)  Geoffroy  St  Hilaire  communicated  a  paper 
to  the  French  Academy  upon  the  same  subject.  This  naturalist 
described  and  figured  the  egg  of  OrnithorhynchuSy  and  made 
use  of  this  fact  in  its  life-history  as  an  additional  argument 
against  including  the  Monotremata  among  the  Mammalia. 
It  was  the  opinion  of  Geoffroy  St  Hilaire  and  also  of  Lamarck 
that  the  Monotremata  should  form  a  distinct  class  of  the 
Vertebrata,  equivalent  to,  and  not  included  in,  the  Mammalia. 

I  need  not  recapitulate  here  the  numerous  other  papers 
and  notices  respecting  the  eggs  of  the  Monotremata,  but 
refer  the  reader  to  Mr  Spencer's  review  for  further  details  on 
the  subject.  There  are  several  papers,  however,  which  have 
appeared  since,  and  have  not  therefore  been  referred  to  in 
the  review  from  which  I  have  quoted.  One  of  them  is  by 
Sir  Eichard  Owen,  who  has  re-described^  and  figured  the 
generative  organs  of  a  female  example  of  the  Australian 
Ant-eater;  both  the  uteri  of  this  specimen  contained  a  "  col- 
lapsed ovum,"  which  was  shown  to  be  entirely  unconnected 
with  the  walls  of  the  uterus. 

A  recent  number  of  the  Zoologischer  Anzeiger  ^  contains  a 
paper,  by  Dr  W.  Haacke,  on  the  ova  of  Echidna,  and  the 
same  gentleman,  on  Thursday,  January  8,  communicated  an 
account  of  the  discovery  of  this  fact,  together  with  observa- 
tions on  the  pouch  and  the  mammary  glands  of  the  male,  to 
the  Eoyal  Society  of  London,  which  are  not,  of  course,  pub- 
lished as  yet.  In  the  paper  in  the  Zoologischer  Anzeiger,  Dr 
Haacke  describes  having  found  an  egg  in  the  pouch  of  an 
Echidna  "  about  2  mm.  long,  and  having  a  shell,  as  in  many 
reptiles,  of  a  parchment-like  consistency." 

Mr  Caldwell's  telegram  to  the  British  Association  con- 
tained another  statement,  and  one  of  greater  importance — 
viz.,  that  the  ova  of  the  Monotremata  are  meroblastic ;  and 
this  is  the  real  essence  of  the  discovery.  Unlike  what  is 
found  in  other  mammalia,  the  ova  of  the  Monotremata  only 
undergo  partial  segmentation.    The  large  ovum  is  furnished 

1  Ann.  and  Mag.  Nat  Hist,  Dec.  1884. 
a  Jahrg.  viL,  No.  182,  Dec*  1884. 
VOL.  VIII.  Z 
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with  abundant  yolk,  and  the  proceaa  of  coll  division  i 
fined  to  a  protoplasmic  germinal  disc,  and  does  not  include 
the  yolk.  The  early  developmental  stages  of  the  Monotre- 
inata  therefore  are  necessarily  similar  to  the  corresponding 
atagea  in  the  development  of  the  Sanropsida,  and  so  far  dis- 
similar to  the  other  groups  of  the  Mammalia.  This  fact  lias 
perhaps,  as  has  been  suggested,  some  bearing  upon  the  origin 
of  the  Mammalia,  aa  tending  to  show  that  they  have  been 
the  offspring  of  Sauropsidan-like  ancestors,  and  have  not 
been  derived,  as  has  hitherto  been  believed,  from  a  group 
more  closely  resembling  the  existing  Amphibia,  inasmuch  as 
the  ova  of  the  latter  group  undergo  total  segmentation.  It 
is  obvious,  however,  that  this  deduction  may  be  queationed, 
and  no  doubt  Mr  Caldwell  will  be  able  to  furnish  more 
evidence  on  the  point  from  a  study  of  the  whole  course  of 
development  of  the  Monotremata. 

With  regard  to  the  partial  segmentation  of  the  ova  of  the 
Monotremata,  it  appears  to  me  to  be  just  to  remind  the 
Society  that  my  friend  Mr  E.  B.  Poulton  had  previously 
described  the  structure  of  the  ovaaian  ovum  of  Omithor- 
hynchvs,  and  to  some  extent  of  Echidiui,  and  that  his  results 
had  rendered  it  extremely  probable  "  that  segmentation  is 
une([ual,  perhaps  partial."  This  does  not,  of  course,  detract 
from  the  merit  of  Mr  Caldwell's  discovery,  who  independently 
proved  to  be  a  certainty  what  Mr  Poulton  could  naturally 
only  regard  as  a  probability. 

In  a  very  interesting  paper  recently  published  in  the 
Quarterly  Journal  of  Microscopical  Science}  and  already  cited, 
Mr  E.  B.  Poulton  has  described  the  structure  of  the  ovarian 
ovum  of  Omithorhynchiis  and  Echid^ia,  more  particularly  the 
former.  The  result  of  his  investigations  has  been  to  show, 
that  in  the  Monotremata  the  ovum  occupies  the  whole  of  the 
follicle,  and  that  the  epithelium  of  the  follicle  remains  a 
single  layer  during  the  whole  time  that  the  ovum  is  enclosed 
within  it.  This  result  ia  clearly  a  very  important  one,  inas- 
much as  it  indicates  a  close  resemblance  to  the  conditions 
met  with  lu  the  ovary  of  the  lower  Vertebrata,  and  a  con- 
siderable difference  from  the  same  structures  in  the  Mam- 
'  Quart.  Jour.  Mior.  Sci.,  January  1381. 
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malia,  where  the  follicular  epithelium  surrounding  the  fully- 
developed  ova  is  always  composed  of  a  great  number  of 
layers  of  cells,  which  form  a  specially  dense  accumulation  in 
the  region  of  the  ovum,  the  so-called  discus  proligerus,  the 
rest  of  the  Graafi&an  follicle  being  filled  with  fluid.  It  is 
only  during  the  earlier  stages  of  the  development  of  the 
ovum  in  the  mammalian  ovary  that  the  follicular  epithelium 
consists  of  but  a  single  layer  of  columnar  cells.  These  facts 
are  well  illustrated  by  several  figures,  which  represent  the 
ova  and  portions  of  the  ovary  of  Ornithorhynclms. 

The  opportunity  of  carefully  preserving  the  ovaries  of 
Echidna  for  histological  study  has  been  afforded  me  by  the 
recent  death  of  a  specimen  in  the  Zoological  Society's  Gardens, 
and  I  think  it  worth  while  to  publish  my  results,  since  they 
are,  to  some  extent,  fuller  than  those  of  Mr  Poulton  (who 
had  only  comparatively  poor  materials  to  work  at),  though  in 
regard  to  the  important  fact  relative  to  the  structure  of  the 
follicle  I  can  only  confirm  the  accuracy  of  his  account. 

Mr  Poulton's  description  of  the  ovary  of  Echidna  is  as 
follows :  "  The  condition  of  the  ovaries  of  Echidna  was  such 
that  I  could  make  out  nothing  except  the  important  fact  that 
the  follicular  epithelium  and  zona  pellucida  are  similar  to 
Ornithorhynchusr  Although  this  sentence  contains  a  correct 
statement  of  two  of  the  most  important  facts  in  the  constitur 
tion  of  the  ovum  and  follicular  epithelium  of  Echidna,  the 
matter^  appears  to  me  to  be  worth  going  into  in  further 
detail,  and  that  I  have  attempted  to  do  in  the  present  paper. 

The  epithelium  covering  the  ovaries  externally  consists  of 
a  single  layer  of  columnar  cells,  the  size  of  which  is  not 
absolutely  uniform  over  the  whole  organ ;  in  certain  regions 
the  cells  are  considerably  taller  than  in  other  regions.  The 
follicular  epithelium  of  the  ovarian  follicles  shows  a  greater 
resemblance  to  the  outer  columnar  epithelium  of  the  ovary 
in  the  character  of  the  cells  which  form  it ;  and  this  fact  is 
not  remarkable,  since  it  is  well  known  ^  that  the  follicular 

^  This  is  a  point  on  which  opinions  differ.  Dr  Foulis  believes  that  the 
follicular  epithelinm  is  a  derivation  of  the  ovarian  stroma.  The  most  recent 
edition  of  Qnain*s  "Anatomy"  (ninth  edition)  appears  to  favour  the  view 
given  in  the  text. 
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epithelium,  as  well  as  the  ovum,  is  derived  from  the  outer 
columuar  epithelium  of  tho  ovary.  But  what  is  remarkable 
is  that  tlie  follicular  cells,  diu'ing  the  earliest  stages  of  the 
development  of  the  ovum,  are  flattened  and  quite  different  ia 
appearance  from  what  they  presently  become,  as  well  as 
different  from  the  cells  whence  they  are  derived.  The 
columuar  epithelium  was  frequently  distiuguishable  by  hav- 
ing become  less  deep  stained  by  Borax  carmine  than  the 
subjacent  tissues.  Beneath  the  columuar  epithelium  is  the 
ovarian  stroma,  which  does  not  appear  to  present  any  great 
difference  from  the  same  tissue  in  other  Mammalia.  Tho 
outer  layer  of  the  stroma — that  containing  the  ovarian  fol- 
licles in  various  stages  of  development — ia  a  more  compact 
tissue,  and  not  nearly  so  vascular  as  the  central  core  of  the 
ovary,  which,  in  all  the  sections  examined  by  me,  was  filled 
with  numerous  large  blood-vessels,  which  wei'e  extremely 
couspicuous  through  having  iu  most  eases  retained  their  duid 
contents.  In  the  outer  part  of  the  ovary  but  few  blood- 
vessels were  observable,  except  in  the  immediate  neighbour- 
hood of  the  ova.  The  central  tissue  of  the  ovary  ia  also 
remarkable  for  the  abuudaut  presence  of  roundish  cells  ar- 
ranged in  groups  and  strings,  and  largely  filled  with  a 
yellowish  matter  of  a  fatty  appearance.  These  are  pre- 
sumably the  remnants  of  the  Wolftiau  tubules. 

Tlie  immature  ova  are  invariably,  as  would  naturally  be 
expected,  placed  close  to  the  surface  of  the  ovary ;  they  are 
surrounded  by  a  follicular  epithelium  only  one  cell  deep, 
the  cells  of  which,  as  already  stated,  are  not  columuar,  but 
appear  more  or  less  oval  both  in  transverse  section  and  in 
superficial  view.  The  vitelline  membrane  is  no  doubt  pre- 
sent, but  it  is  so  thin  that  I  was  unable  to  recognise  it  in 
any  case,  and  the  number  of  sections  I  have  studied  is  very 
considerable ;  on  the  other  hand,  the  basement  membrane  of 
the  epithelium  was  extremely  conspicuous.  The  stroma  of 
the  ovary,  which  in  the  cortical  region  is  more  cellular,  being 
composed  of  a  compact  mass  of  oval  to  fusiform  cells,  be- 
comes distinctly  fibrous  in  the  neighbourhood  of  the  ova, 
forming  thus  a  special  sheath  for  them  (see  PI.  XVII.,  Fig.  6). 
The  germinal  vesicle  is  of  considerable  size,  and  separated  by 
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a  distinct  wall  from  the  surrounding  substance  of  the  ovum; 
as  a  rule  it  appears  to  be  eccentric  in  position  even  in  the 
youngest  ova,  though  occasionally  it  is  nearer  to  the  centre. 
The  contents  of  the  genninal  vesicle  present  the  appearance 
of  being  fluid  or  semifluid ;  in  most  cases  its  substance  had 
shrunk  away  from  the  wall,  and  filled  only  half  the  space. 

In  ova  about  twice  the  size  of  those  just  described,  and 
figured  in  PI.  XVII.,  Fig.  6,  the  vitelline  membrane  appears 
as  an  obvious  limiting  membrane  of  the  ovum.  In  a  more 
mature  ovum,  such  as  that  figured  on  PL  XVII.,  Fig.  7,  the 
following  structures  can  be  easily  recognised :  The  ovum  is 
bounded  externally  by  a  stoutish  homogeneous  membrane  (m), 
which  stains  deeply  with  Borax  carmine ;  this  appears  to  be 
the  zona  pellucida.  It  is  about  half  the  diameter  of  the 
follicular  epithelium  (/),  from  which  it  is  naturally  sharply 
marked  ofl"  as  from  the  subjacent  yolk.  Generally  speaking, 
however,  the  ovum,  when  it  shrinks  away  from  the  wall  of 
its  follicle,  carries  the  follicular  epithelium  with  it.  The 
zona  pellucida  appears  to  me  to  be  the  only  egg  membrane 
in  Uchidna,  I  did  not  succeed  in  recognising  any  of  the 
subjacent  layers  figured  and  described  by  Mr  Poulton  in 
Ornithorhynchiis ;  only  the  central  portion  of  the  membrane 
presented  the  appearance  of  a  greater  density  than  the  outer 
and  inner  layers,  and  in  the  sections  studied  by  me  was 
somewhat  more  deeply  tinged  by  the  staining  re-agent.  I 
am  not  at  all  clear,  however,  that  this  was  not  an  optical 
delusion  caused  by  the  displacement  of  the  follicular  cells, 
or  the  crumpling  of  the  zona  pellucida  itself,  inasmuch  as  I  • 
was  unable  to  trace  the  darker  band  round  the  whole  circum- 
ference of  the  ovum,  and  I  only  occasionally  noticed  its 
presence.  Immediately  beneath  the  zoTva  pellucida  is  a  layer 
of  finely  granular  yolk,  the  extent  of  which  is  about  equal  to 
the  diameter  of  the  follicular  epithelium  and  the  zona  pel- 
lucida taken  together ;  this  peripheral  layer  of  the  yolk  is 
hardly  at  all  afiected  by  Borax  carmine.  The  main -portion 
of  the  ovum  is  made  up  of  a  protoplasmic  reticulum,  indi- 
cated by  the  blacker  lines  on  Fig.  7,  which  becomes  very 
deeply  stained  by  Boi:ax  carmine,  and  in  successful  prepara- 
tions is  for  this  reason  extremely  obvious.     The  meshes  of 
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this  network,  which,  aa  shown  in  the  ligure,  are  not  of 
uniform  size,  but  vary  somewhat,  enclose  tho  yolk  "cella;" 
tlte  latter  are  aggregations  of  minute  spherules,  or  consist  of  a 
single  drop  of  fat  which  occupies  the  whole  space.  Interme- 
diate stages  between  these  two  conditions  ai'e  observable  as 
may  be  seen  from  the  figure,  and  also  from  Fig.  5,  which  repre- 
sents a  portion  of  the  network  much  more  highly  minified. 

The  section,  of  which  Fig.  7  is  an  illustration,  was  one  of 
a  fortunately  complete  series  through  a  large  ovum  rather 
more  than  1  mm.  in  diameter;  I  have  been  able  therefore  to 
note  the  structure  and  position  of  the  germinal  vesicle.  In 
my  sections  the  germinal  vesicle  (t/.w.)  was  conspicuous  througli 
having  been  well  stained  by  the  Borax  carmine ;  it  ia  situated 
eccentrically  apparently  at  the  junction  of  the  peripheral 
homogeneous  part  of  the  yolk  with  the  central  portion, 
but  chiefly  in  the  latter ;  it  is  bounded  by  a  distinct 
membrane;  the  germinal  spot  (jj-s.)  was  also  conspicuous, 
and  situated  again  eccentrically  within  the  germinal  vesicle. 
The  substance  of  which  the  germinal  vesicle  is  composed  has 
the  appearance  of  a  fluid  or  aemilluid  material,  which  has  be- 
come coagulated  by  the  re-agents  used  in  the  hardening  of  the 
tissue.  I  could  see  no  network ;  the  outer  part  of  the  germinal 
vesicle  was  rather  more  deeply  stained  than  the  inner  portion. 

The  lai^est  ovarian  ova  of  Echidna,  measuring  up  to  three 
millimetres  in  diameter,  appeared  to  consist  of  hardly  anything 
more  than  a  mass  of  yolk  spherules  closely  a^regated  to- 
gether, so  much  so  that  in  many  cases  they  had  become  more 
or  less  hexagonal  owing  to  mutual  pressure.  The  size  of  the 
yolk  granules  varies  pretty  considerably,  and  the  accompany- 
ing figure  (PI.  XVII.,  Fig.  4),  which  represents  a  portion  only 
of  such  an  ovum  as  that  which  is  at  present  being  described, 
illustrates  this  point :  a,  are  the  larger  granules,  which  are 
generally  circular,  but  in  some  cases  have  assumed  an 
angular  contour  through  pressure;  among  these  may  be  seen 
a  number  of  smaller  granules  (b) ;  here  and  there  is  an  area 
distinguished  by  being  composed  of  only  small  granules ;  the 
yolk  spherules  have  in  part  fused  together  to  form  largish 
irregnlar-shaped  masses  (c),  but  this  may  easily  be  a  post- 
mortem change. 
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I  was  able  to  examine  a  complete  (or  nearly  complete) 
series  through  an  ovum  of  this  size,  and  I  failed  to  observe 
any  trace  of  an  egg-membrane  or  follicular  epithelium.  As 
shown  in  the  figure,  the  ovum  appears  to  be  contained  within 
a  capsule  formed  of  a  specially  thickened  layer  of  the  ovarian 
stroma.  It  does  not,  however,  seem  likely  that  both  the 
vitelline  membrane  and  the  follicular  epithelium  would  dis- 
appear in  this  way ;  and,  unfortunately,  I  could  not  examine 
any  ova  intermediate  in  size  between  this  stage  and  ova  of 
1  mm.  or  less  in  diameter  like  that  figured  on  PL  XVII.,  Fig.  7. 

Formation  of  Corpora  lutea. — My  observations  on  the  for- 
mation of  the  corpora  lutea  differ  somewhat  from  those  of 
Mr  Poulton  for  Ornithorhynchus,  The  fibrous  layer  of  the 
follicle  becomes  very  thick,  and  the  follicle  itself  becomes 
filled  with  a  homogeneous-looking  mass  (PL  XVIL,  Fig.  16), 
which  stains  readily  with  Borax  carmine;  trabecule  of  the 
fibrous  tissue  outside  the  follicle  grow  into  it,  and  gradually 
obliterate  the  cavity ;  the  mass  in  the  centre  of  the  follicle 
does  not  disappear  for  a  considerable  time,  but  remains 
divided  into  a  number  of  fragments  by  the  trabecular  out- 
growth of  the  follicular  walL  The  peculiar  yellow  cells  (a) 
appear  in  the  interior  of  the  trabeculce,  and  increase  in 
number,  finally  occupying  the  w^hole  of  the  follicle.  The 
appearance  of  the  yellow  cells  which  constitute  the  corpus 
luteum  at  its  last  stage  of  degeneration  is  extremely  like 
that  of  the  cells  which  are  supposed  to  be  the  remains  of  the 
Wolfiian  tubules. 

The  results  contained  in  this  paper  show  that  in  every 
essential  point  in  the  structure  of  the  ovum  and  its  follicle, 
Echidna  agrees  with  Ornithorhynchus,  as  described  by  Mr 
Poulton.    They  may  be  briefly  stated  as  follows : 

(1.)  The  follicular  epithelium  continues  to  invest  the  ovum 
throughout  its  sojourn  in  the  Graafian  follicle  as  a 
single  layer  of  cells  only,^  as  in  the  lower  Vertebrata. 

^  I  am  not  quite  certain  as  to  this  point.  In  the  large  ovum  figured  on 
Plate  XVIL,  Fig.  7,  I  have  indicated  two  rows  of  follicular  cells,  and  occa- 
sionally there  appeared  to  be  three.  Two  or  three  layers  of  follicular  cells 
are  found  in  the  ovarian  ova  of  birds,  and  I  am  therefore  inclined  to  think  my 
observations  are  correct  and  not  based  upon  defective  preparations. 
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(2.)  The  ovum  completely  filla  up  the  follicle. 

(3.)  The  mature  ovum  is  of  immense  size  compared  with 
that  of  other  mammals. 

(4)  The  ovum  is  invested  extenially  hy  a  single  membrane, 
which  has  a  more  or  less  laminated  structure,  and 
corresponds  to  the  vitelline  membrane ;  there  is  no 
sona  Tadiata  present  nt  any  period  (?).  The  vitelline 
membrane  atrophies  or  becomes  extremely  thin 
when  the  ovum  has  attained  maturity, 

(5.)  The  contents  of  the  ovum  are  differentiated  into  a 
finely  granular  peripheral  layer,  and  a  central  por- 
tion consists  of  larger  and  smaller  yolk  spherules 
enclosed  in  the  meshes  of  a  fine  protoplasmic  net- 
work. 

(6.)  The  germinal  vesicle,  with  its  germinal  spot,  lies 
eccentrically,  within  the  peripheral  layer. 

EXPLAMATION  OF   PLATE3. 

PLATE  XVI. 

Tranaverso  section  through  a  portion  of  the  ovary  of  Echidna,  magnified 

ahout  18  diameters  to  show  the  relative  size  of  ova  in  thiir  different  stages  of 

development ;    a,  b,  e,  ova  in  various  stages  of  development ;  d,  ovarian 

stroma  ;  e,  blood-vessel. 

PLATE  XVH. 
/-FoUienlar  epithelium. 
■m.  =  Egg  memhrane. 
g.v.  —Germinal  vesicle. 

Fig.  1.   Corpus  Ivlevm.     a,  yellow  cells ;  6,  coagnlum. 

Figs.  2,  3,  8,  7.  Ova  in  varions  stages  of  development.  In  Fig.  7  most  of 
the  yolk  spherales  are  represented  as  having  been  removed. 

Fig.  i.  A  portion  of  a  large  ovum  measuring  2  mm.  in  diameter  indicated 
on  Plate  lb ;  a,  b,  c,  yolk  splierules. 

Fift-  5.  Portion  of  ovum  (Fig,  7)  more  highly  magnified,  to  show  the 
protoplasmic  reticulum  enclosing  the  yolk  spherules. 

Fig.  8.  Portion  of  the  germinal  epithelium,  egg  membrane,  and  yolk  of 
ovum  (Fig.  7). 
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XXVIII.  On  Reproduction  of  Lost  Parts  and  Abnormality. 
By  Professor  Duns,  D.D.,  F.RS.E.,  President. 

(Read  15th  April  1885.) 

We  are  as  yet  far  short  of  data  suflScient  to  warrant  a 
philosophy  of  zoology  within  which  to  find  a  fit  place  for  the 
forms  referred  to  in  the  title.  But  there  are  abundant 
materials  ever  at  hand  for  the  exercise  of  the  philosophic 
spirit,  in  showing  that  this  branch  of  science  is  far  more  than 
a  technical  representation  of  parts  and  their  dependencies — 
more  than  mere  scientia  rerum.  It  is  the  "  scientia  rerum 
cum  cauMS**  a  favourite  dictum  of  the  old  workers  in  another 
department.  Among  the  good  things  of  Darwinism  is  the 
prominence  it  gives  to  the  thoughts  which  underlie  things, 
and  the  conviction  it  works  in  those  who  read  it  rightly,  that 
this  thought  is  as  real  as  the  things,  and  both  as  real  as  the 
thinker.  Thus  inferences  are  as  reliable  as  the  data  which 
warrant  them,  and  both  are  equally  abiding.  We  all  feel 
the  temptation  to  be  fiatisfied  with  phenomena,  but,  in  the 
measure  in  which  we  yield,  we  fall  short  of  our  work,  and 
become  biological  hodmen,  handling  the  parts  of  which  the 
house  of  life  is  built,  but  discerning  not  purpose  or  prevision 
of  any  sort  in  protozoan  or  in  mammal  which  it  is  to  lodge. 
Yet  the  purpose  is  as  real  and  true,  I  had  almost  said,  sub- 
stantial, as  the  albumenoid  mass  of  the  one,  or  the  compli- 
cated organs,  inter-dependencies  of  organs,  and  their  parts,  of 
the  other.  It  would  be  an  insult  to  the  botanist  to  say  that  the 
only  difference  between  his  estimate  of  a  primrose  and  that 
of  "  Peter  Bell,"  is,  that  while  to  the  latter  it  "  a  yellow  prim- 
rose was  to  him  and  nothing  more,"  to  the  former  it  was 
Primula  vulgaris,  or  perhaps  P.  vulgaris,  varietas  acaulis! 
It  is,  however,  possible  to  fail  to  recognise,  and  to  make 
nothing  of  the  persistent  working  towards  individualism  of 
that  one  life-force  which,  while  preserving  unity,  finds  room 
within  it  for  untold  variety,  and  which  gives  root  and  leaf 
and  flower  and  colour,  and  utilises  air  and  sunlight,  dew  and 
rain,  cold  and  heat. 

I  make  these  general  remarks  chiefly  to  indicate  that  it  is 
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to  the  feeling  uuderlying  them,  that  we  are  indebted  for 
some  of  the  moat  important  contributions  towards  a  philo- 
sophy of  zoolof^y.  Thus  Cuvier's  "theory  of  correlation"  of 
parts  of  structure  and  form,  fitienne  Geoifroy  St  Hilaire's 
"  theory  of  connections  "  of  identical  parts  in  identical  rela- 
tions, and  Von  Baer's  embryological  types.  E,  G.  St  Hilaire's 
theory  was  ui^ed  by  him  as  truer  to  nature  than  that  of 
Cuvier.  But,  however  interesting  an  analysis  of  the  two 
schemes  and  a  discussion  on  tlie  merits  of  the  controversy 
might  he,  they  would  be  out  of  place  here.  I  refer  to  the 
controversy  because  it  early  led  to  a  most  important  ques- 
tion—"What  are  we  to  make  of  these  wide  divergences  from 
normal  structure  and  even  from  specific  features  which  occur 
within  all  zoological  classes  ?  "  The  desire  to  answer  this 
gave  the  doctrine  of  Abnormalities  or  Teratoloffij,  and  led  to 
the  more  recent  attempt  to  account  for  these,  or  the  doctrine 
of  Teratog&nie.  The  classical  work  oa  the  former  is  St 
Hilaire's  "  Histoire  General  et  Particuiaire  de  L'Organisation 
chez  L'Homme  et  Les  Auimaux  " — three  volumes  and  Atlas, 
Paris  1832 ;  and  that  on  the  latter  is  M.  Camiile  Dareste's 
"  Recherches  sur  la  Production  Artificielle  de  Monstrosities  " 
—one  volume  8vo,  with  illustrations,  Paris  1877-  M.  Dareste 
has  also  published  many  separate  papers  on  the  same  subject. 
St  Hilaire's  theory  was  virtually  the  full  restatement  of 
another  which  has  ever  been  attractive  to  a  large  school  of 
French  workers,  "  the  chain  of  beings  "  theory^ — La  Ghaine 
des  Hires — with  an  ability  and  scientific  setting,  however, 
never  before  associated  with  it.  But  abnonBalities  seemed 
to  break  the  series.  They  were  apparently  outside  of  law 
and  the  contradiction  of  order.  The  whole  question  of 
antecedent  purpose  was  raised  and  discussed,  and  another  so- 
called  principle  was  urged  as  the  explanation  of  all  instances 
of  abnormal  structure.  Thus  a  place  was  found  for  monstro- 
sities within  his  "  theory  of  connections "  under  what  he 
called  "  the  equivalence  of  organs."  If  growth  was  abnormal 
in  excess  in  one  organ,  it  was  the  same  in  defect  in  another. 
Perhaps  the  scientific  terms  in  which  these  views  were  stated, 
and  the  multitude  of  scientific  facts  referred  to  as  illustrative 
proofs,  gave  an  importance   to   them  which  they  did  not 
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deserve.  At  least,  few  will  now  give  them  the  high  place 
they  once  held  in  biology.  Science  seems  to  me  to  lead  to 
the  very  edge  of  an  explanation,  but  I  doubt  if  it  can  ever 
go  farther.  Dareste's  object  is  to  show  how  abnormalities 
can  be  artificially  produced,  with  the  view,  evidently,  of 
suggesting*  that  the  cause  being  known  might  lead  to  pre- 
vention if  not  to  cure.  While  both  authors  use  the  term 
"  abnomial,"  both  equally  question  its  appropriateness,  and 
desire  to  bring  all  the  phenomena  to  which  it  points  into 
natural  lines. 

I  have  associated  the  reproduction  of  lost  parts  with  the 
occurrence  of  abnormalities,  because  both  point  to  char- 
acteristic features  of  the  one  life,  in  conditions  unfavour- 
able to  its  natural  growth  and  expression,  and  also  because 
the  injuries  which  make  reproduction  necessary,  may,  and 
often  do,  lead  to  abnormal  forms.  (This  was  illustrated  by 
the  exhibition  of  the  pastern  and  coffin  bones  of  the  horse  in 
an  abnormal  condition.) 

The  phenomena  of  reproduction  of  lost  parts  are  met  with 
in  all  the  classes,  both  of  invertebrate  and  vertebrate  animals, 
and  point  to  phases  of  success  in  the  effort  to  overcome 
hindrances  to  living,  not,  perhaps,  sufficiently  appreciated. 
To  indicate  the  wide  range  within  which  instances  of  repro- 
duction of  parts  occurs,  I  need  only  mention  that  examples 
under  Hydridce,  Holothuridce,  Asterid^ce,  and  Canceridce,  among 
invertebrates,  have  come  under  my  own  observation.  As  to 
the  last  named,  there  is  an  exceedingly  able  and  interesting 
paper  on  its  occurrence  among  common  crabs,  by  Harry  D. 
Goodsir  (printed  in  volume  ii.  of  "  Anatomical  Memoirs  of  J. 
Goodsir,"  edited  by  Turner  and  Lonsdale).  Goodsir  shows 
that  if  the  phalange  of  the  leg  of  the  common  crab  be  injured, 
the  animal  at  once  throws  off  the  remaining  parts  of  the 
limb  close  to  the  body.  By  which  act,  as  he  proves,  it  both 
saves  the  loss  of  blood  and  lays  bare  the  organ  which  is  to 
reproduce  the  lost  limb. 

As  to  fishes,  Gunther  has  pointed  out  ("  Study  of  Fishes," 
p.  188,  1880)  that  the  power  of  reproduction  of  lost  parts  in 
the  Teleostei  is  limited  to  the  delicate  terminations  of  their 
fin-rays,  and  the  various  tegumentary  filaments  with  which 
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some  are  provided.  In  Dipnoi,  as  Ccratodiis  and  Protopteriis, 
the  terminal  portion  of  the  tail  is  reproduced,  but  without 
the  notochoid,  Dr  Traquair  has,  however,  shown  from  two 
specimens  of  Protopt^rus  anntetans,  tliat  the  restoration  of 
the  tail  carried  with  it  the  restoration  of  the  notochord  also. 
In  the  same  paper,  read  at  the  Edinburgh  Meeting  of  the 
British  Association,  1871,  it  was  stated  that  the  neural  and 
hasmal  arches,  spines,  and  fin-supports  were  restored,  these 
elements,  however,  remainin"  entirely  cartilaginous.  But,  aa 
regards  the  restoration  of  injured  fins,  there  are  many  excep- 
tions. For  example.  Sir  William  Jardine  refers,  in  the 
Edinburgh  Philosophical  Journal  for  1856,  to  the  case  of 
salmon  which  were  marked  as  "  parrs  "  by  cutting  off  their 
small  thick  dorsal  fin,  and  this  served  to  mark  the  individuals 
till  the  "  grilse  "  state.  The  wound  made  by  marking  became 
covered  with  skin,  and  in  some  of  the  specimens  a  coating  of 
scales  had  partly  formed.  In  addition  to  the  parts  already 
mentioned,  the  cephalic  tentacles  of  tlie  fishing  frog  {Lophius 
pisealorius)  are  very  frequently  injured,  and  as  frequently 
reproduced. 

But,  perhaps,  it  is  among  the  lieptilia  that  we  meet  with 
the  most  numerous  instances  of  waste  and  repair,  loss  and 
reproduction  of  oi^ns.  When  characterising  the  Water 
Salamanders,  Van  der  Hoeven,  referring  to  the  observations 
of  Blumenbach  and  Bonnet,  says  their  "  reproductive  power 
is  very  great ;  in  these  not  only  the  tail  and  legs  that  have 
been  removed  grow  again,  but  the  eye  also  can  be  restored, 
if  only  the  entire  ball  as  far  as  the  optic  nerve  be  not  cut 
away  "  ("  Handbook,"  vol.  ii.,  p.  234).  Gunther  has  shown 
that  the  tail  of  the  tadpole,  if  cut  off  early,  will  be  repro- 
duced before  the  time  when  its  absorption  normally  begins, 
and  if  a  hind  limb  be  cut  off  when  the  larva  is  about  two 
lines  long  it  is  reproduced. 

One  of  the  three  lizards  (Tiliqiia  Femandi)  now  on  the 
table  supplies  an  exceedingly  good  instance  of  a  bifid  or 
bifurcate  taiL  The  forks  are  nearly  equal  in  thickness 
and  in  length.  The  whole  length  of  the  specimen  is  9%  in. 
from  snout  to  end  of  the  forks.  The  break  has  been  made 
at  the  first  caudal  vertebra,  if  we  may  judge  from  external 
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marks.  In  this  case  l^ths  of  an  inch  of  bone  had  been  added 
in  the  process  of  reproduction.  Owen  says,  "  no  instance  of 
the  restored  tail  shows  ossified  vertebrae."  It  is  thus  not 
unlikely  that  the  external  marks  of  break  may  be  in  the 
integument  alone.  This  might  have  been  shown  under 
dissection,  but  I  was  unwilling  to  interfere  with  the  specimen 
before  showing  it  to  the  Society.  In  the  same  way  also  it 
might  have  been  ascertained  whether  we  have  in  both  forks, 
severally,  proportional  distribution  of  the  extensor  and  flexor 
muscles  of  the  tail.  The  tendency  to  divide  can  be  seen 
over  If  in.  before  it  takes  place,  and  the  free  forks  are  1 J  in. 
in  length ;  the  whole  length  of  the  abnormal  tail  will  thus 
be  1|-  in.  Another  specimen  is  shown,  which  also  bears 
marks  of  injury ;  but  if  this  is  also  an  instance  of  reproduc- 
tion, there  has  been  no  tendency  to  divide.  The  tail  is 
symmetrical,  though  not  of  the  normal  length,  and,  as  ascer- 
tained by  probing,  the  ossified  vertebra  are  present.  The 
third  specimen  bears  clear  marks  of  break,  but  the  example 
seems  one  of  repair  and  not  reproduction,  for  the  tail  is  of 
the  usual  length  and  the  vertebrse  entire  throughout.  All 
the  specimens  were  obtained  from  Old  Calabar. 

Eeference  has  already  been  made  to  the  frequent  occur- 
rence of  the  loss  of  parts  among  the  reptilia.  This  may  at 
once  be  seen  by  taking  the  order  Sauria  and  glancing  over 
any  work  on  regional  representatives  of  the  order,  as,  say  Gun- 
ther's  "  Eeptilia  of  British  India  "  (Eay  Society,  1864).  Such 
notices  as  the  following  occur :  Acontiadidse ;  Nessiaburtoni — 
tail  elongate,  generally  shorter  than  the  body  from  its  being 
constantly  broken  off  and  reproduced.  Geckotidse ;  Oecko — 
tail  generally  verticiUated,  and  breaks  off  so  readily,  that  the 
slightest  fear  will  make  them  shake  off  their  tails.  When 
the  tail  is  reproduced  it  is  rounder  and  thicker.  Hemidactylus 
maculatvs — tail  more  rounded  than  before  it  was  broken  off. 
Euhlepharis — tail  fragile  and  easily  reproduced.  It  is  worth 
noting,  however,  that  as  to  Draco,  Gunther  says — "We 
have  never  seen  a  Dragon  in  which  the  tail  had  been  repro- 
duced, nor,  indeed,  with  this  member  mutilated.  Perhaps 
the  tail  is  necessary  for  their  peculiar  locomotion." 

I  had  intended  to  refer  to  reproduction  of  lost  parts 
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among  birda,  but  rauat  pasa  from  this  in  the  meantime.  Ita 
occurrencQ  among  mammals,  and  especially  in  the  case  of 
man,  is  well  marked,  though  comparatively  rare.  This  is  a 
wide  subject,  and  might  be  very  fully  illustrated,  but  I  con- 
tent myself  by  simply  recalling  the  attention  of  some  of  our 
yonng  anatomists  to  a  paper  by  Goodsir,  read  to  the  Medico- 
Chirurgieal  Society  in  1844,  and  printed  in  his  "  Anatomical 
Memoirs."  The  question  discussed  arose  out  of  a  paper  com- 
municated by  Professor  Syme  to  the  Royal  Society  of  Edin- 
buigh,  and  published  in  vol.  siv.  of  its  Transactioiis.  Syme 
asked  "  whether  the  periosteum  or  membrane  that  covers  the 
surface  of  the  bones,  possesses  the  power  of  forming  new 
osseona  substance  independently  of  any  assistance  from  tho 
bone  itself?"  There  are  some  things  in  Groodair's  answer  to 
Syme  fitted  to  shed  light  on  the  controversy  between  Busch 
and  Wolff  as  to  the  laws  of  ossification,  referred  to  in  the 
ProceediTujs  of  the  Physiological  Society  of  Berlin,  as  re- 
ported in  last  number  of  Nature.  I  am  not  going  into  the 
merits  as  between  Syme  and  Goodsir.  They  were  full  of 
interest  to  me  at  the  time,  and  linked  into  some  of  the  studies 
of  my  own  colle^^e  days,  and  they  are  full  of  interest  still. 
But  I  notice  them  for  the  sole  purpose  of  pointing  to  an 
instance  of  reproduction  in  the  long  bones,  the  radius  for 
example.  Goodsir  says — "  In  no  instance  do  we  ever  see  a 
new  shaft  without  at  the  same  time  observing  portions  of 
the  old  shaft  ulcerated  to  a  greater  or  less  extent— the 
ulcerated  portions  invariably  corresponding  in  the  early 
stages  to  the  scales  of  new  bone  in  the  periosteum.  When- 
ever the  old  shaft  is  entire  ita  periosteal  surface  presenting 
the  natural  appearance  of  macerated  bone,  the  part  corre- 
sponding to  this  in  the  new  shaft  is  formed  of  bone,  which 
is  seen  shooting  in  the  manner  peculiar  to  this  mode  of 
regeneration  from  a  point  corresponding  to  an  ulcerated 
portion  of  the  old  shaft."  He  adds — "  The  new  bone  shoots 
in  stalactilic  masses  in  the  longitudinal  direction,  their  course, 
direction,  and  magnitude  corresponding  to  the  forms  of  the 
rings  or  portions  of  ulcerated  bone  in  the  old  shaft," 

It  was  my  intention  to  refer  somewhat  fully  to  specimens 
of  abnormal  forms  preserved  in  the  New  College  Museum, 
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with  the  view  mainly  of  trying  to  ascertain  whether  St 
Hilaire's  theory  of  *' equivalence  of  organs"  afifiords  any 
satisfactory  explanation  of  these,  or  any  restful  point  from 
which  they  may  be  o©nsidered.  I  may,  perhaps,  return  to 
the  subject,  but  at  present  I  wish  only  to  show  to  the 
Society  two  instances — one  in  the  eggs  of  the  Class  birds 
where  abnormal  growth  generally  begins,  and  the  other  in 
the  case  of  a  kitten.  The  former  consists  of  two  imperfectly 
developed  eggs  of  the  barn  door  fowl,  in  which  the  shells  are 
organically  united,  a  comparatively   wide    communication 


admitting  of  the  contact  of  the  germinal  masses,  formative 
and  nutritive.  The  abnormality  of  the  latter  consists  in  the 
presence  of  eight  legs,  four  in  the  natural  position,  and  four 
on  the  back.  This  instance  certainly  lies  outside  of  the 
hypothesis  of  "  equivalence  ! " 


XXIX.  Notes  on  the  Stricctttre  of  a  New  Species  of  Earthworm 
belonging  to  the  Genus  Acanthodrilus  {E,  P.).  By 
Frank  E.  Beddard,  Esq.,  M.A.,  F.Z.S. 

(Read  15th  April  1886.) 

About  a  year  since  I  received,  through  the  kindness  of  the 
Rev.  G.  R.  Fisk,  C.M.Z.S.,  of  Cape  Town,  a  box  containing  a 
number  of  living  earthworms.  One  of  these  has  been  al- 
ready described  by  me  in  a  paper  read  before  the  Zoological 
Society  of  London,  which  has  not  yet  been  published.  In 
addition  to  this  specimen — a  large  worm  of  4  or  5  ft.  in  length 
— there  were  a  number  of  other,  considerably  smaller,  earth- 
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worms,  which  proved  on  examination  to  belong  to  two 
distinct  species.  One  was  a  Lumbricus,  presenting  no  marked 
differences  from  our  British  Lumbricus  ierregiris;  and  the 
other  a  new  species  of  the  genus  AcarUhodrilus. 

Aa  the  Cape  of  Good  Hope  is  a  new  locaUty  for  this  genus, 
I  have  thought  it  worth  wliile  to  offer  to  the  Society  a  few 
notes  npou  the  structure  of  the  species  which  I  propose  to 
name  Acaiiiliodrilua  capejisis.  The  pressure  of  other  work  haa 
prevented  me  from  treating  of  its  anatomy  in  a  detailed 
fasliion,  but  the  following  notes  will,  I  hope,  be  not  without 
value  from  a  zoological  point  of  view. 

The  anatomy  of  earthworms  has  at  present  been  but  little 
studied;  but  we  are  already  acquainted  with  the  fact  that 
these  animals  present  a  most  remarkable  diversity  of  internal 
structure,  coupled  with  a  very  general  uniformity  in  external 
characters;  and  it  is  sufficiently  evident  that  there  ia  an 
absolute  necessity  for  dissecting  an  earthworm  in  order  to 
define  at  all  correctly  the  species  or  even  the  genus  to  which 
it  belongs.  The  necessity  for  accompanying  purely  descrip- 
tive work  with  anatomical  details  is  perhaps  more  obvious  in 
this  group  of  the  animal  kingdom  than  in  any  otiier.  The 
pubhshed  records  of  new  species  and  genera  of  other  groups — 
for  example,  the  Crustacea — which  merely  relate  to  external 
form,  are  of  the  greatest  possible  use,  from  a  zoological  or 
fauuistic  point  of  view.  Of  new  species  and  genera  of  earth- 
worms, such  records  are  simply  valueless,  and  any  one  who 
has  studied  the  anatomy  of  this  group  must  be  well  aware  of 
the  impossibility  in  many  cases  of  verifying  such  descrip- 
tions. The  species  which  I  shall  describe  in  the  present 
paper  clearly  belongs  to  the  genus  AcarUhodrilus  of  Perrier, 
but  it  may  also  very  possibly  be  referred  to  either  of  the  two 
genera — Alyattes  or  Eurydame  of  Kiuberg.  This  naturalist 
has  defined  his  genera  by  the  varying  distribution  of  the 
set£e ;  and  the  last-mentioned  genera  agree  to  differ  from 
the  others  of  his  system  in  that  the  setie  are  arranged  in 
four  series  of  pairs  in  the  anterior  region  of  the  body,  but  in 
eight  longitudinal  rows  in  the  posterior  section  of  the  body, 
the  two  sette  of  each  pair  becoming  here  separated  from  each 
other.    As  a  single  instance  of  the  impossibility  of  such  a 
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system,  I  may  refer  to  this  very  genus  Acanthodrilus,  In 
several  species  the  setae  are  in  four  series  of  pairs  equidistant 
from  each  other,  as  in  Inimbricus;  in  others  the  setse  are 
arranged  throughout  the  body  in  eight  series ;  while  in  A. 
capensis,  as  already  stated,  the  disposition  of  the  setse  is  inter- 
mediate in  character.  It  must  be  remembered,  of  course,  that 
all  these  species  agree  with  each  other  in  their  internal  struc- 
ture 80  closely,  that  it  is  quite  impossible  to  regard  them  as 
belonging  to  different  genera ;  and  if  the  distribution  of  the 
setae  were  to  be  regarded  as  an  indication  of  specific  difference 
and  resemblance,  certain  species  ot  Acanthodrilus  would  have 
to  be  placed  within  the  same  genus  as  Lumbricus,  and  sepa- 
rated from  their  immediate  allies. 

I  have  also  in  this  paper  recorded  for  the  first  time  the 
position  of  the  ovaries  and  their  ducts,  which  have  not  as 
yet  been  seen  in  any  Acanthodrilus. 

Another  fact  of  some  interest  from  the  point  of  view  of  the 
comparative  anatomy  of  earthworms,  is  the  structure  of  the 
body  wall.  The  remarkable  arrangement  of  the  longitudinal 
muscles  in  Lumbricv^s  was  first  thoroughly  made  known  by 
Clapar^de's  elaborate  researches.  It  appears,  however,  that 
this  bipinnate  disposition  of  the  fibres  is  by  no  means  charac- 
teristic of  earthworms  as  a  group,  and  is  only  found  here  and 
there ;  indeed,  up  to  the  present  the  only  other  earthworm 
besides  Lumhricus  where  it  has  been  recorded  is  in  a  species 
of  Perichceta  (P.  hasseltii  ^) ;  other  species  of  this  genus  in- 
vestigated by  Perrier,^  Horst,^  and  myself,  do  not  present 
this  bipinnate  disposition  of  the  longitudinal  muscular  coat. 
Acanthodrilus  capensis  must  be  placed  in  the  same  category 
with  LuTobricu^  and  Perichceta  hasseltii.  The  disposition  of 
the  longitudinal  muscular  fibres  agree  precisely  with  those  of 
the  two  latter  species.  Two  other  species  of  the  genus 
Acanthodrilus  differ  from  A.  capensis,  in  that  the  longitudinal 
muscles  form  a  continuous  layer  round  the  whole  of  the 
body,  the  individual  fibrils  being  separated  into  groups  or 
singly  by  anastomosing  trabeculae  of  connective  tissue,  which 
present  no  approximation    to    the    symmetrical  bipinnate 

1  Loc.  cU,  *  Nouv.  Arch.  d.  Musdum,  t.  vii. 

'  Notes  from  the  Leyden  Museum,  vol.  v.,  p.  185. 
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miisclea  of  Zumbrieus.  It  seems  very  curious  that  species  of 
the  aame  genus  stiould  differ  so  markedly  in  an  anatomical 
character,  which  would  seem  d  priori  to  be  of  coneiderable 
importance ;  and  it  is  still  more  curious  that  P.  kasseltii  and 
A.  capetisis  should  agree  with  eacli  other,  aud  with  a  distinct 
genus  iMmbriims,  and  differ  from  the  other  members  of  their 
own  genus ;  such  facts  might  be  supposed  to  indicate  that 
the  bipinnate  arrangement  of  the  muscles  represented 
primitive  conilitiou  which  has  been  retained  here  aud  there 
but  lost  in  the  majority  of  earthworms.  Perrier,  however, 
states  that  such  is  not  the  case,  and  that  the  young  of 
Zumbrieus  present  no  traces  of  the  bipinnate  arrangement  of 
the  muscles  of  the  adult.^ 

While  writing  this  an  interesting  paper  by  Dr  E.  Eohde  ' 
upon  the  muscles  of  Annelids  has  come  into  my  hands.  This 
anatomist  has  studied  the  structure  of  the  body  wall  in  a 
great  number  of  different  worms  belonging  both  to  the 
Oligochieta  and  the  Polychieta,  It  appears  from  his  observa- 
tions that  the  genus  Lumbrieus,  like  Perichala  and  Acantho- 
drilus,  does  not  present  an  absolute  uniformity  in  the 
structure  of  the  longitudinal  muscular  coat  C  t  n  j.  cies 
agree  with  Lumbricus  terreslria  in  the  regula  a  an  ment  of 
the  fibres,  while  L.  olidus  differs  entirely  and  how  a  no 
traces  of  the  bipinnate  disposition  of  the  fib  e  pt  lose 
to  the  line  of  junction  with  the  circular  mu      I         at 

Acanthodrilus  was  instituted  as  a  genus  of  earthworms  by 
M.  Perrier  in  his  "Eecherches  pour  servir  a  I'histoire  des 
lombriciens  terrestres." '  It  is  to  be  distinguished  from  the 
other  genera  of  the  group  "  Postclitelliens  "  by  the  presence 
of  four  male  generative  apertures  situated  in  pairs  on  the 
17th  and  19th  segments  of  the  body  or  in  their  immediate 
neighbourhood.  With  each  of  these  apertures  is  connected 
a  simple  coiled  tube — the  prostate  gland — and  a  saccular 
diverticulum,  enclosing  two  or  a  greater  number  of  peculiarly 
modified  penial  setic.  Three  species  were  described  by  M, 
Perrier;  two  of  these — Acanthodriliis  obtusus  and  A.  ung^i- 

'  An;h,  d.  Zool.  Exp.,  t.  iii,,  p.  3S7. 
'  ZdoI.  Anzeig.,  No.  189  (188fi),  p.  t3fi. 
'  Nouv,  Aiih,  il.  Miiaeuiii,  1872, 
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latiis — are  natives  of  New  Caledonia;  while  the  third — A. 
verticUlatus — was  obtained  from  the  island  of  Madagascar. 

During  the  Transit  of  Venus  Expedition,  the  Eev.  A.  E. 
Eaton  collected  two  small  earthworms  in  Kerguelen,  which 
were  afterward  determined  by  Professor  Lankester  ^  to  belong 
to  the  same  genus,  and  named  A.  kergiidenensis.  In  this  species 
the  setae  of  the  body  have  a  different  arrangement  from  that 
found  in  the  previously  described  species.  Instead  of  being 
disposed  in  four  series  of  pairs,  the  setae  of  A,  kerguelenensis 
are  "  in  eight  series,  each  seta  standing  alone  and  widely 
separated  from  its  fibres  of  neighbouring  series."  Associated 
with  this  peculiarity  is  an  additional  one,  viz.,  the  presence 
of  segmental  organs  {Of.  loc.  cit.,  Fig.  4). 

More  recently ,2  Dr  Horst  has  contributed  an  account  of 
two  other  species  collected  in  Liberia.  Both  of  these  have 
the  normal  arrangement  of  the  setae  (four  series  of  pairs), 
and  segmental  organs  are  only  present  in  a  very  few  seg- 
ments, and  then  considerably  modified.  To  these  six  species 
I  am  able  to  add  a  seventh,  which  may  be  called  Acantho- 
drilus  capensis, 

Acanthodrilus  capensis,  n.  sp. 

External  cTiaracters,  etc. — As  already  said,  Acanthodrilus 
capensis  has  very  much  the  same  general  appearance  as 
Lumbricus  terrestris,  the  colour  being,  as  in  that  species,  a 
reddish  violet  upon  the  dorsal  surface,  passing  into  a  yellow 
grey  upon  the  ventral  surface.  A  very  noticeable  character- 
istic of  the  species  is  its  extremely  active  movements  when 
handled  or  touched  with  the  forceps.  When  interfered  with 
in  this  way,  the  worms  twist  themselves  violently  from  side 
to  side,  and  will  sometimes  spring  up  into  the  air  a  short 
distance  above  the  table.  It  is  worth  noting  that  this  very 
same  behaviour  has  been  observed  in  many  species  of 
Perichceta,  several  of  which  have  been  found  living  in  Eng- 
land and  France,  though  there  can  be  little  doubt  that  they 
were  originally  introduced  along  with  plants  from  foreign 
countries,  or  in  some  similar  fashion.     In  the  Jardin  des 

*  Phil.  Trans.,  extra  vol.,  1879,  p.  264. 

*  Notes  from  Leyden  Museum,  vol.  vi.  (1884),  No.  2,  p.  103. 
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Plantea  examples  of  Perichceta  are  at  least  as  numerous  as 
of  Lumbriciis,  and  the  gardeners  have  noticed  them  on 
account  of  their  much  more  active  movements,* 

The  aettc  are  arranged  in  a  rather  peculiar  fashion,  inter- 
mediate between  the  arrangement  described  by  Lankester  in 
A.  kcrgudemnsis  and  tijat  which  obtains  in  the  other  species 
of  the  genus.  In  the  anterior  region  of  the  body,  to  as  far 
back  as  about  the  20th  segment,  the  setie  are  dispi 
the  following  fashion.  On  either  side  of  the  ventiul  n 
line  is  a  single  pair  of  closely  approximated  seta?,  and 
more  laterally  another  pair  on  either  side.  Of  this  pair. 
however,  the  two  setje  are  much  more  widely  separated 
from  each  other.  In  tlie  hinder  portion  of  the  body,  cora-i 
meucing  after  tbe  male  generative  orifices,  tbe  aetie  of  tlia 
ventral  pair  get  farther  apart  from  each  other,  but  are 
never  so  widely  separated  as  those  of  the  more  dorsal 
pair. 

Close  to  the  anterior  margin  of  segments  8  and  9  are  the 
apertures  of  the  four  apermathecie.  Their  position  corre- 
sponds to  that  of  the  segmental  organs,  being  in  front  of  the 
ventral  (innermost)  pair  of  setre. 

On  the  17th  and  19th  segments  respectively  are  a  pair  of 
apertures,  situated  each  upon  a  circular  flattened  area,  diiJer- 
ing  somewhat  by  its  greater  opacity  and  whitish  colour  from 
the  surrounding  integument.  These  are  the  openings  of  the 
vasa  deferentia,  and  like  the  copulatory  pouches  they  corre- 
spond to  the  inner  pair  of  settP.  Upon  these  two  segments 
the  ordinary  aetse  are  replaced  by  the  long  curved  penial 
set!E,  the  points  of  which  protrude  through  the  apertui-es. 

Of  the  nine  or  ten  specimens  that  I  had  at  my  disposal 
not  a  single  one  was  fully  mature ;  the  clitellum  was  entirely 
undeveloped,  and  there  were  no  indications  as  to  its  posi- 
tion. Several  of  the  segments — in  one  specimen  as  many 
as  six  (segments  7-12)— are  provided  with  a  pair  of  genital 
papilliB. 

Body  cavity. — The  mesenteries  separating  the  segments 
from  each  other  are  especially  well  developed  in  the  anterior 

"Perriei',  Arch,  de  Zool  Exp.,  vol.  ii.,  p.  237,  Kolf.  Soe  also  BairJ, 
P.  Z.  S.,  186S,  p.  40,  for  similar  habits  of  Perieluela  diffri'ogcns. 
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part  of  the  body,  as  in  so  many  other  eartliworms.  The 
mesenteries  forming  the  posterior  boundary  of  segments, 
6-12  inclusive — more  especially  the  four  anterior  ones — are 
stout  and  thick,  and  connected  with  each  other  and  with  the 
body  wall  by  tendinous  threads.  In  front  of  the  6th  segment 
the  mesenteries  cease  to  be  distinguishable  as  such,  and  their 
place  is  occupied  by  a  mass  of  fibres  of  varying  thickness 
and  extent,  which  bind  the  alimentary  canal  to  the  parietes. 
A  dense  mass  of  these  is  attached  to  the  posterior  half  of  the 
pharynx,  and  serve,  perhaps,  as  a  retractor. 

Well  developed  segmental  organs  are  found  in  all  the 
segments  of  the  body,  with  the  exception  of  the  first  one  or 
two.  They  exist  in  the  segments  which  contain  the  sper- 
niathecse  and  the  prostates.  As  already  mentioned,  A. 
kergtcelenensis  appears  to  be  the  only  other  species  of  the 
genus  which  has  segmental  organs  of  the  ordinary  type. 

Circulatory  System, — In  segments  8-12  inclusive  are  a  pair 
of  lateral  hearts,  which  connect  the  ventral  (supra  nervian) 
vascular  trunk  with  a  small  and  inconspicuous  vessel  which 
runs  along  the  upper  surface  of  the  alimentary  canal  beneath 
the  dorsal  vessel.  The  last  three  pairs  are  the  largest.  It  is 
possible  that,  as  in  Pontodrilus,  a  commimication  also  between 
the  lateral  hearts  and  the  dorsal  vessel  exists,  but  I  could 
not  satisfy  myself  thoroughly  as  to  its  presence  or  absence, 
but  I  am  inclined  to  believe  that  it  is  absent.  In  each  of 
these  segments  there  is  also  a  largish  blood  vessel,  which 
arises  behind  the  "  heart,"  and  apparently,  together  with  it, 
from  the  supra-intestinal  trunk;  it  supplies  the  mesentery 
and  ventral  wall  of  the  body.  In  the  posterior  region  of  the 
body  the  dorsal  vessel  gives  off  three  branches  in  each 
segment,  two  of  which  are  distributed  to  the  walls  of  the 
intestine,  while  the  third  supplies  the  mesentery.  Anteriorly 
the  dorsal  vessel  ramifies  upon  the  surface  of  the  gizzard. 

Oenital  System, — The  testes  consist  apparently  of  three 
pairs  of  racemose  glands  in  segments  11,  12,  and  13.  This 
description,  however,  applies  only  to  one  specimen;  in  all 
the  others  that  were  dissected  there  was  but  a  single  pair  of 
testes  fully  developed,  the  rest  being  minute  and  rudimentary ; 
the  developed  testes  were  those  of  the  anterior  pair.     In  the 
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eegnient  in  front  of  that  which  contains  the  testes  ara  a  pair 
of  rosette-like  structure ;  these  are  tlie  fimbriated  orifices  of 
the  vasa  defcrcntia.  They  are  placed  below,  and  a  little  to 
one  side  of  the  alimentary  canal,  on  the  posterior  wall  of  the 
segment,  and  closely  approximated  to  each  other,  being  in 
actual  contact  for  a  short  apace.  I  failed  to  find  the  posterior 
\mr  of  vasa  de/erentia  funnels. 

The  vasa  deferentia  pass  as  two  extremely  minute  slender 
tubes  to  their  openings  on  the  17th  segment,  in  common  with 
the  prostate  gland  and  the  sac  containing  the  two  penial  Bela;. 

The  prostate  glands,  as  in  other  Amnthodrilus,  have  the 
form  of  a  simple  coiled  glaudular  tube  opening  by  a  narrow 
muscular  duct  There  are  four  of  these  two  in  the  17th, 
and  two  in  the  19th  segment. 

The  penial  set*  are  developed  in  a  aac-like  diverticulum, 
which  opens  in  common  with  the  prostate  of  its  own  side 
and  segment.  The  strncture  of  the  penial  setK,  of  which 
there  are  a  single  pair  to  each  of  the  four  generative  aper- 
tures, is  characteristic  of  the  species.  The  seta  is  covered 
upon  its  lowermost  one-third  with  numerous  short  pointed 
processes,  the  points  of  which  nre  dirL'cted  towards  tlie 
extremity  of  the  seta. 

There  are  two  pairs  of  spermathecie  in  segments  8  and  SI ; 
each  consists  of  a  piriform  sac,  opening  by  a  narrow  passage 
on  to  the  exterior.  A  small  supplementary  sac  of  the  same 
form  as  the  principal  sac,  but  narrower  and  bent  downwards, 
is  present  as  a  diverticulum  of  the  spermathecffi.  In  the 
segment  which  contains  the  posterior  pair  of  spermathecae 
are  a  pair  of  lai^ish,  rounded,  and  somewhat  flattened  bodies 
attached  generally  to  the  septum,  which  divides  this  from 
the  succeeding  segment,  but  occasionally  to  the  anterior 
septum  also.  The  walls  of  these  sacs  are  comparatively 
stout,  and  the  contents  do  not  present  an  organised  appear- 
ance, but  appear  to  be  entirely  granular.  Interspersed  among 
the  granules  are  a  number  of  gregarious  cysts.  I  am  quite 
unable  to  suggest  what  may  be  the  possible  function  of  these 
structures. 

The  position  of  the  ovaries  and  their  ducts  in  the  genua 
Amnthodrilus  has  not  yet  been  ascertained  with  certainty. 
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chiefly,  no  doubt,  owing  to  the  fact  that  only  badly-preserved 
spirit  specimens  have  been  examined.  In  Acanthodrilvs 
capensis  the  ovaries  are  in  the  12th  segment  attached  to  its 
front  wall;  they  are  conspicuous  in  fuUy-mature  animals 
from  the  contained  ova,  which  are  comparatively  large  and 
very  opaque.  Examined  under  the  microscope  the  ovary 
presents  the  appearance  of  a  compound  tubular  gland,  certain 
of  the  cells  becoming  enlarged  and  forming  the  ova.  The 
oviducts  open  into  the  12th  segment  by  a  broad  ciliated 
funnel,  which  has  exactly  the  appearance  of  that  of  Ponto- 
drUuSf  figured  by  Perrier.  The  duct  perforates  the  mesen- 
tery, and  opens  on  to  the  exterior  of  the  body  in  the  13th 
segment  just  in  front  of  the  innermost  seta. 

Alimentary  Canal, — The  pharynx  occupies  about  the  four 
anterior  segments  of  the  body ;  it  is  somewhat  pear-shaped, 
and  tenninates  in  an  abruptly  truncated  posterior  margin. 
A  short  oesophagus  leads  from  this  to  the  gizzard,  and  a  tube 
of  the  same  calibre  as  the  oesophagus  extends  back  to  about 
the  16th  or  17th  segment,  where  it  abruptly  widens  into  the 
"  intestine."  The  latter  is  unprovided  with  coeca  or  glands 
of  apy  description,  but  is  clothed  with  a  dense  covering  of 
cells,  which  gives  it  an  opaque  yellow  colour. 


XXX.  Notes  on  the  Anatomy  of  the  Myriapoda,     By  T.  D. 

Gibson-Carmichael,  Esq. 

(Read  20th  December  1883.) 

I  propose  to  submit  to  you  a  series  of  papers,  of  which 
this  is  the  first,  dealing  with  the  anatomy  of  the  Myriapoda. 
I  intend  beginning  with  the  digestive  system,  and  this  paper 
is  confined  to  that  of  a  few  of  the  Chilopoda.  The  excellent 
paper  of  Mr  F.  Plateau,  "  sur  les  ph^nomenes  de  la  digestion 
chez  les  Myriapodes,"  in  the  forty-second  volume  of  the 
Memoirs  of  the  Royal  Academy  of  Belgium^  furnished  us  with 
such  a  clear  account  of  both  the  anatomy  and  physiology  of 
these  organs,  that  it  may  seem  unnecessary  for  me  to  write 
more  on  the  subject.     But  as  I  wished  to  verify  all  that 
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I'lateau  had  stated,  I  have  dissected  numerous  Chilopods, 
and  as  in  some  waya  my  results  are  diiferent  from  his,  I 
have  thought  I  may  as  well  record  tliem. 

lAthohius. — Of  this  genus  I  have  dissected  three  species, 
L.  grossipes,  L.  variegatus,  and  L.  forficatus.  Of  the  first  two 
I  have  only  dissected  a  few  examples,  but  of  Z,  farJicaJiis  I 
have  examined  over  a  hundred  specimens,  and  as  I  find  that 
there  is  little  difference  in  the  digestive  organs  of  the  three 
species,  I  shall  describe  them  as  I  find  them  in  L.  forfi- 
intus. 

Lithobius  appeal's  to  feed  principally  on  diptera,  at  least  in 
captivity.  Plateau  found  this  to  be  the  case,  and  in  the 
numerous  experiments  which  I  have  made  I  liave  quite 
failed  to  get  captive  Lithobii  to  take  any  other  food  than 
Hiea,  gnats,  and  some  small  neucoptera  {Sialis,  etc.)  and 
trichoptera.  It  has  been  stated,  however,  that  they  devour 
worms,  and  that  in  the  case  of  a  comparatively  large  worm 
two  Lithobii  will  attack  it  at  once. 

The  alimentary  canal  is  easily  seen  to  fall  into  three 
divisions,  a  short  cesophagus,  a  laige  stomach  occupying 
thu  greater  part  of  the  interior  of  the  body,  ;md  a  short 
intestine.  Besides  these  three  parts  we  may  consider 
also  the  two  large  glands  situated  in  the  fore  part  of  the 
body,  and  the  two  malpighian  tubes  which  open  into  the 
alimentary  canal  at  the  juncture  of  the  stomach  and 
intestine. 

The  (esophagus  is  short  and  relatively  broad.  When 
viewed  in  its  natural  position  it  is  seen  to  be  some- 
what larger  at  its  posterior  extremity  than  in  the  anterior 
portion.  It  is  generally  of  deep  violet  colour.  I'lateau 
mentions  liis  having  found  it  white  in  some  LiihoUtts  for- 
Jicatus.  I  have  not  done  so  in  this  species,  but  in  all  the 
L.  grossipes  which  I  have  dissected  it  was  of  a  pale  yellow, 
and  in  L.  variegatus  of  a  deeper  purple  colour  than  I  have 
found  it  in  L.  forjlcatus. 

It  is  formed  of  an  outer  muscular  layer,  an  epithelium 
formed  of  cells  of  colourless  protoplasm  with  well-developed 
nuclei,  and  a  thin  transparent  lining,  which,  towards  the 
posterior  extremity,  is  studded  with  minute  chitinous  spines. 
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pointed  towards  the  second  division  of  the  alimentary 
canaL  In  Z.  grossipes  these  spines  seem  to  be  much 
more  numerous,  and  to  extend  over  the  anterior  as  well 
as  posterior  portion  of  the  lining.  The  passage  of  the  food 
through  this  portion  of  the  alimentary  canal  is  very  rapid, 
none  being  left  in  it  in  specimens  killed  within  a  few 
minutes  after  a  meaL 

The  second  part  of  the  alimentary  canal,  the  stomach,  is 
that  in  which  the  whole  process  of  digestion  goes  on.  It 
has  a  thick  muscular  coat,  and  an  epithelium  composed  of 
a  layer  of  large  brownish  cells,  whose  nucleus,  easily 
shown  by  the  agency  of  acetic  acid,  is  large,  and  of  a  some- 
what conical  shape.  Throughout  this  epithelium  there 
appear  to  be  a  number  of  small  glands,  whose  structure 
I  have  not  yet  been  able  to  determine,  which  secrete  a 
brownish  fluid,  by  means  of  which  the  food  is  digested. 
This  stomach  is  plentifully  supplied  with  blood-vessels. 
The  food  seems  to  remain  in  it  for  a  considerable  time. 
A  peculiar  feature  of  it  is,  that  towards  its  posterior  end 
the  remains  of  the  completely  digested  food  form  a 
solid  column  which  becomes  entirely  surrounded  with  a 
structureless  membrane,  from  which  portions  break  oflf,  to 
pass  out  of  the  stomach  from  time  to  time  as  faeces. 
This  membrane,  which  invests  the  faeces,  was  first  pointed 
out  by  Plateau.  It  yet  remains  to  be  discovered  whence  it 
originates. 

The  intestine  in  Lithohius  is  short,  and  much  narrower  in 
diameter  than  the  stomach.  No  process  of  digestion  goes  on 
in  it,  the  faeces  merely  passing  quickly  through  it.  It  is 
quite  straight  in  Lithobius,  though  in  other  chilopods  it  is 
always  bent  more  or  less.  Dufour  describes  a  small  caecum 
close  to  the  anus;  but  neither  myself  nor  Plateau  have 
found  any  traces  of  this.  It  has  a  covering  of  strong 
muscular  bands,  and  the  cells  of  its  epithelium,  which  are 
much  smaller  than  in  that  of  the  rest  of  the  alimentary  canal, 
have  large  nuclei  clearly  visible  without  the  aid  of  reagents. 
They  seem  to  secrete  a  colourless  fluid,  which  probably  aids 
in  assisting  the  passage  of  the  faeces. 

The  anterior  glands  are  two  large  violet-coloured  race- 
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uiose  glands,  answering  niorpliolugically  to  the  salivary 
glands  of  insects,  tliough  Plateau's  researches  show  that 
physiologically  this  ia  not  the  case,  for  their  secretion 
has  uone  of  the  effects  of  saliva.  Plateau  was  unable  to 
discover  the  effect  which  it  had,  and  aa  yet  I  have  had 
no  tetter  success.  The  liquid  secreted  is  certainly  never 
acid.  These  glands  consist  of  a  number  of  nucleated  cells, 
some  colourless,  others  violet,  in  L.forficatus  and  variegatua; 
in  L.  ijTOssipcs  the  violet  colouring  is  absent.  They  are  well 
supplied  with  air,  a  trachea  running  alongside  of  each  of  their 
ducts,  and  ramifying  throughout  them.  The  ducts  open,  not 
into  the  osaophagus,  hut  into  tiie  cavity  of  the  mouth. 

The  two  nialpighian  tubes  are  very  fine  and  long,  and 
originate  in  the  anterior  part  of  the  body.  Before  opening 
into  the  alimentary  caoal  they  widen  into  a  sac-like  reser- 
voir. Their  secretory  cells  are  small,  but  well  supplied 
with  colourless  granules.  They  secrete  pure  uric  acid,  but 
in  very  minute  quantities.  In  individuals  which  have  been 
starved  there  is  always  a  greater  quantity  of  uric  acid 
present  in  these  tubes  than  there  is  in  those  which  have 
lately  had  a  meal. 

The  geophilides,  from  their  small  diameter,  are  diilicult  to 
dissect  I  have  succeeded,  however,  fairly  well  in  Geopkilus 
longicomis  and  in  Himantanum  Gabrielis  in  making  out  the 
nature  of  the  alimentary  canal.  Tlie  three  portions  of  the 
canal  are  very  differently  proportioned  in  these  from  what 
tliey  are  in  Litkobius. 

The  Lcsophagus  is  a  very  fine  tube,  occupying  at  least  one- 
third  of  the  length  of  the  alimentary  canal.  There  are  no 
traces  of  any  spines  or  hairs  in  its  interior  lining. 

The  stomach  much  resembles  that  of  Lithobitts.  The  intes- 
tine, which  is  much  the  shortest  part  of  the  canal,  differs 
from  that  of  Hthobiun  in  being  twisted  in  Geopkilus  longi- 
comis twice,  in  Himnntwrium  Gabrielis  four  times. 

The  anterior  glands,  which  are  colourless  in  If.  Gabrielis, 
are  very  elongated,  though  racemose,  and  have  a  long  duct, 
which  runs  close  to  the  cesophagus.  In  G.  longieomis  these 
glands  take  the  form  of  tubes,  thus  approaching,  as  we  shall 
see,   the   Ckilognatka.      These   tubes   are   of  much  greater 
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diameter  in  the  posterior,  their  secreting  portion,  and  are 
twisted  back  upon  themselves. 

The  malpighians  in  G,  longicornis  much  resemble  those  of 
Lithohius,  In  Himantarium  Gabrielis  there  is  no  increase  in 
their  diameter  near  the  opening. 

I  hope  at  an  early  date  to  communicate  a  description  of 
the  morphology  of  the  digestive  system  in  other  chilopods 
and  in  the  Chilognatha. 


XXXI.    On  the  Aeration  of  Marine  Aquaria,     By  George 
Brook,  Esq.,  RL.S.,  etc.     [Plates  XVIII.,  XIX.] 

(Read  18th  February  1885.) 

In  carrying  on  any  investigations  into  the  life  history  and 
habits  of  marine  animals,  success  is  greatly  dependent  on  a 
close  imitation  of  the  natural  conditions  of  existence.     In 
some  respects  this  is  not  difficult,  and,  besides,  marine  as  well 
as  other  animals  possess  in  a  variable  degree  an  adaptive 
faculty  which  enables  them  to  accommodate  themselves  to 
new  surroundings.     We  should  always  bear  in  mind,  how- 
ever, that  these  new  surroundings  are  not  the  natural  ones, 
and  that  our  results  obtained  in  a  laboratory  may  often  be 
influenced  by  conditions  not  to  be  found  in  a  state  of  nature. 
Perhaps  the  most  difficult  natural  condition  to  imitate,  and 
one  which  affects  all  marine  animals  alike,  is  a  proper  aeration 
of  the  water.     Within  the  limits  of  a  laboratory  tank  it  is  not 
practicable   to  aerate   the   water  in   a   natural  way.      The 
oxygenating  influence  of  winds,  waves,  and  tides  can  take 
only  a  very  limited  share  in  this  work,  and  we  have  no  scope 
for  the  distributing  influence  of  currents.     Naturalists  have 
therefore  had  to  take  advantage  of  other  methods  of  keeping 
the  water  pure  and  charged  with   oxygen.      Two   distinct 
methods  have  been  tried  on  a  large   scale   with  varying 
degrees  of  success.^      On  the  first  plan  the  oxygen  was 

*  I  do  not  propose  to  deal  here  with  those  small  still-water  aquaria,  in 
which  advantage  is  taken  of  the  mutual  dependence  of  animal  and  vegetable 
life  for  a  proper  aeration  of  the  water. 
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renewed  by  forcing  air  into  the  water,  and  by  the  second  a 
uontiniiQUB  stream  of  water  waa  kept  flowing  through  the 
lauks.  The  first  method,  although  quite  satisfactory  on  a 
small  scale,  decreases  in  its  applicability  jiiat  aa  the  size  of 
the  tank  increases.  The  second,  although  perhaps  more 
natural  than  any  other  method,  is  very  expensive,  and  not 
applicable  for  an  inland  station.  It  ia  necessary  to  pump 
the  water  direct  from  the  sea,  and  to  return  it  again  after 
having  circulated  through  the  tanks.  This  method  also  has 
another  disadvantage.  It  is  found  by  experience  that  water 
kept  properly  aerated  improves  instead  of  deteriorating  with 
keeping.  Forma  which  will  not  live  in  water  newly  intro- 
duced into  a  tank  may  often  be  kept  there  with  ease  six 
months  afterwards.  Again,  that  crystal  appearance  so 
characteristic  of  pure  sea  water  is  never  to  be  obtained  from 
water  freshly  pumped  from  the  sliore.  Practically  a  com- 
bination of  the  two  methods  is  most  commonly  in  use.  A 
small  jet  of  water  is  forced  into  the  tank  with  such  a 
pressure  as  to  carry  air  along  with  it. 

I  propose,  then,  to  give  an  account  of  the  methods  and 
apparatus  by  which  experience  has  shown  that  this  can  best 
be  affected  with  due  consideration  of  expense.  When  some 
four  or  five  years  ago  I  had  my  aquarium  fitted  up  in 
Uuddersfield,  I  was  supplied  with  vulcanite  pump,  pipes, 
and  jets,  by  Messrs  Leete,  Edwards,  &  Norman,  similar  to 
those  supplied  to  the  large  public  aquaria.  I  took  the  pre- 
caution, however,  to  have  every  jet  supplied  with  a  stopcock, 
so  that  I  could  vary  the  amount  of  water  issuing  fram  each 
jet  at  wUl.  I  have  never  regretted  this  precaution,  and  can- 
not too  strongly  recommend  its  general  adoption  in  all  marine 
laboratories.  The  extra  expense  is  amply  repaid  by  the 
extra  convenience  obtained.  In  discussing  the  various  altera- 
tions in  the  system  of  aeration  I  have  made  from  time  to 
time,  the  subject  seems  naturally  to  fall  under  two  heads, 
vi3.,  the  pumping  apparatus  used,  and  tlie  various  forms  of 
jets  experimented  with.  The  economical  and  elticient  result 
obtained  is  of  course  dependent  on  the  combined  action  of 
the  two  sets  of  appliances,  but  it  will  be  well  to  consider 
them  separately. 
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Pumping  Arrangements  and  Motive  Power. 

After  careful  consideration  I  was  led  to  adopt  water  from 
the  town  mains  as  a  motive  power.  It  seemed  advisable  to 
make  use  of  some  power  which  could  be  cut  off  or  started  at 
will  by  some  automatic  arrangement,  and  water  on  this 
account  seemed  the  most  applicable.  I  decided  from  the 
outset  not  to  supply  the  salt  water  direct  from  the  pump  to 
the  jets,  as  is  done  in  so  many  large  aquaria,  but  to  pump  it 
into  a  store  tank  at  a  considerable  elevation  above  the  floor 
of  the  building,  and  use  the  fall  thus  obtained  to  force  the 
water  into  the  tanks.  Further  experience  has  shown  that 
this  is  in  the  long  run  the  more  economical  plan,  and  without 
this  elevated  tank  I  could  not  obtain  the  satisfactory  results 
already  arrived  at.  I  began,  then,  with  one  of  Ramsbottom's 
Water  Motors,  and  a  rotary  vulcanite  pump,  supplied  by  a 
1-inch  pipe  from  the  reservoir.  It  then  became  necessary  to 
devise  some  automatic  stop  motion  for  the  water  motor,  so 
that  the  whole  arrangement  could  be  stopped  when  the  fall- 
tank  was  full,  and  started  again  when  the  water  had  run 
down  to  a  certain  level.  A  continuous  circulation  could 
then  be  kept  up  day  and  night  without  any  waste,  and  with 
little  or  no  attention. 

Several  modifications  of  the  principle  of  the  ball  tap  were 
tried  with  varying  degrees  of  success,  until  at  last  one  was 
arranged  which  acts  perfectly,  and  is  shown  in  Fig.  1.  A  is 
a  wood  float  connected  by  an  adjustable  arm  B  with  the 
lever  C,  which  is  supported  on  the  edge  of  the  tank  by  the 
pillar  D.  In  use  it  was  found  that  the  float  A,  on  being 
forced  up  by  the  water,  was  liable  to  leave  the  side  of  the 
tank,  so  that  a  double-jointed  arm  I,  I',  had  to  be  fixed  on 
the  opposite  side  to  keep  it  in  its  place.  E  represents  the 
arm  which  goes  down  to  the  tap,  and  F  is  a  weight  corre- 
sponding to  that  of  the  long  rod  E,  so  as  to  balance  the 
arrangement.  As  the  float  A  is  forced  up,  of  course  E  is 
lowered  to  a  corresponding  degree,  and  would  be  gradually 
shutting  off  the  tap  of  the  motor,  unless  steps  were  taken  to 
prevent  this  being  done  until  the  fall-tank  was  full.  It  will 
be  observed,  however,  that  the  arm  B  is  slotted  at  its  upper 
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end,  so  that  the  float  does  not  begin  to  press  on  the  lever 
iintil  it  has  risen  through  a  distance  corresponding  to  tlie 
length  of  the  slot,  A  similar  slot  is  made  where  the  rod  E 
is  connected  with  the  lever  of  the  tap,  and  both  these  slots 
are  adjustable,  so  that  at  the  time  the  arrangement  ovei- 
balances  the  tank  is  fall,  and  the  time  has  aiTtved  for  the 
motor  to  be  stopped.  This  was  done  gradually  at  first,  but 
it  was  found  that  with  a  rotary  pump  a  time  arrived  when 
the  motor  was  working  so  slowly,  that  the  pump  ]iad  not 
power  enough  to  lift  the  water  the  required  height,  and  thus 
went  on  wasting  power  until  the  level  of  water  in  the  fall- 
tank  had  been  suflicieutly  lowered  to  start  the  pump  moie 
vigorously.  To  avoid  this  the  present  system  was  devised, 
where,  instead  of  having  an  arm  with  a  weight  like  F  directly 
over  the  fulcrum  of  the  lever  C,  a  flat  bar  of  iron,  G,  about 
2  in.  wide,  is  supported  over  C  by  two  pillars.  This  bar  is 
turned  up  at  both  ends  ao  as  to  prevent  the  rolling  weight  H 
from  falling  off.  The  weight  is  made  from  a  solid  piece  of  iron, 
and  turned  out  in  the  middle  so  as  to  leave  a  flange  hanging 
over  G  on  each  side.  For  further  safety  a  light  rod,  K.  con- 
nects the  two  ends  of  G,  so  as  juat  to  allow  the  weight  to 
pass  under  it,  but  sufficiently  low  not  to  allow  it  to  leave  its 
place  on  the  bar.  It  will  be  seen  that  as  soon  as  ever  the 
lever  C  is  in  the  slightest  degree  over  the  equilibrium,  the 
weight  H  runs  along  the  bar  G,  with  an  increasing  momentum, 
and  shuta  or  opens  the  tap  instantly.  This  arrangement  has 
now  been  in  work  two  years,  and  gives  every  satisfaction. 
It  is  allo\ved  to  work  day  and  night,  and  always  stops  or 
starts  the  motor  at  the  proper  time.  Care  should  be  taken 
to  keep  all  the  joints  well  greased,  and  the  whole  arrange- 
ment sliould  be  galvanised  so  as  to  prevent  rust. 

Next,  as  to  the  pump.  As  I  said,  I  was  at  first  supplied 
with  a  rotary  vulcanite  pump  by  Messrs  Leete,  Edwards,  and 
Norman.  This  was  kept  in  constant  use  for  three  yeare. 
At  first  it  worked  fairly  well,  and  required  but  little  atten- 
tion. As  time  went  on,  however,  it  proved  less  satisfactory. 
I  required  continually  the  services  of  a  mechanic,  as  the 
rotating  cups  were  frequently  out  of  order — as  they  got  worn 
their  distance  apart  had  to  be  carefully  regulated,  or  tlie 
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pump  would  not  do  its  work  properly.  Another  item  which 
caused  me  no  slight  alarm  was  the  great  price  which  the 
pump  cost  to  work. 

In  order  to  pump  850  gallons  of  sea  water,  it  was  necessary 
to  use  1250  gallons  of  fresh  water  as  the  motive  power,  so 
that  under  the  most  favourable  conditions  33%  of  power  was 
lost,  and  in  fact  at  many  times  a  great  deal  more.    Altogether 
I  became  dissatisfied  with  the  arrangement,  and  appealed  to 
ray  friend  Mr  J.  T.  Nelson  of  Leeds  to  make  me  a  plan  of  a 
pump  that  would  prove  more  eflBcient.     The  result  was,  that 
I  had  made  a  double-action  lift  and  drive  pump,  placed 
horizontally  so  as  not  to  lose  its  prime.     The  general  con- 
struction of  this  pump  will  easily  be  understood  on  reference 
to  Fig.  2.     A  is  an  accurately  bored  glass  cylinder  12  in. 
long  and  4  in.  in  diameter,  obtained  from  Messrs  Chedgey. 
The  piston  rod  is  of  steel,  coated  with  ebonite,  and  afterwards 
turned  and  polished  so  as  to  work  smoothly.     The  piston 
itself  is  made  of  lignum  vitce,  and  has  a  round  indiarubber 
ring  in  its  centre  so  as  to  form  perfect  contact.     The  ends  B 
and  C  are  also  made  of  lignum  vitce,  and  the  valves  in  them 
are  round  indiarubber  balls  weighted  inside  with  lead.     The 
dotted  line  above  the  valve  box  at  B  and  C  indicates  a  groove 
cut  out  in  the  middle,  so  that,  in  case  the  valve  should  stick, 
the  water  can  still  pass  through.     The  pipes  E  and  E'  are  in 
this  case  cast-iron  lined  with  glass,  and  have  an  internal 
diameter  of  2  in.     The  whole  is  bolted  to  a  stout  plank,  D, 
and  connected  with  the  shaft  of  the  water  motor  in  the 
ordinary  manner.     It  will  be  easily  seen  from  the  figure  that 
a  stroke  of  the  piston  in  either  direction  both   fills  the 
cylinder  from  below,  and  drives  the  water  already  in  the 
cylinder  into  the  fall-tank.      This  pump  has  now  been  in 
work  over  twelve  months,  and  has  given  every  satisfaction.    It 
requires  very  little  attention,  and  is  not  liable  to  get  out  of 
order.     With  a  rotary  pump  a  certain  force  has  to  be  main- 
tained in  order  to  lift  the  water  the  required  height.    Thus, 
if  the  motor  should  be  working  below  its  normal  speed,  no 
water  is  raised  by  the  pump,  and  the  power  is  wasted.      The 
case  is  quite  different  with  the  pump  here  described ;  all  the 
motions  being  positive,  a  minimum  of  power  is  lost,  and 


3S6  Proceedings  of  the  Royal  Phi/skal  Society.  ^ 

whether  the  motor  be  going  fast  or  sTow,  the  pump  Joes  its 
work  in  proportion. 

Perhaps  a  comparison  of  the  cost  of  working  both  pumpa 
would  prove  interesting,  I  find,  on  reference  to  my  diary, 
that  from  Ist  September  1883  to  1st  February  1884,  while 
the  old  .pump  was  working,  132,540  gallons  of  fresh  water 
were  used  by  the  motor,  or  an  average  of  26,508  gallons  per 
month,  which,  at  6d.  per  1000  gallons,  gives  an  average 
monthly  cost  of  13s.  3d.  for  water.  This,  indeed,  is  below 
the  average  cost  previously,  for  I  see  from  a  note  in  the 
diary  that  the  water  meter  was  disconnected  for  repairs  for 
several  days  in  January,  so  that  during  that  time  the  water 
used  would  not  be  registered.  From  September  to  December 
1883  the  monthly  average  was  28,000  gallons,  which  would 
bring  up  the  monthly  cost  to  143.  From  1st  March  1884  to 
Ist  January  1885,  when  the  new  pump  only  was  nsed, 
145,630  gallons  of  water  were  registered  by  the  meter,  giving 
a  monthly  average  of  14,500  gallons,  and  representing  a 
monthly  cost  of  Ts.  3d.  Thus,  to  begin  with,  the  new  pump 
costs  roughly  only  half  as  much  as  the  old  one  to  work. 
This  cost  has  been  very  much  further  reduced  by  means  of 
iuiproved  jets. 

ImPROVEMEXTS  in  TEIK  CONSTRUCTION  OF  JeTS. 
It  appeared  to  me  at  a  very  early  stage  in  my  inquiry, 
that  the  vulcanite  jets,  as  arranged  in  public  aquaria,  do  their 
work  very  inefficiently.  Unless  we  have  facilities  for  chang- 
ing the  whole  body  of  water  in  a  tank  very  frequently  by 
means  of  a  strong  stream,  it  ia  necessary  to  introduce  air  into 
the  water  by  some  mechanical  means,  so  that  the  oxygen  it 
contains  may  be  absorbed.  For  this  purpose  the  smaller  the 
bubbles  of  air,  the  more  likely  they  are  to  be  of  service, 
because  they  require  longer  to  rise  again  to  the  surface. 
Thus  the  water  has  a  better  ciiance  of  absorbing  the  oxygen 
they  contain.  Now,  in  the  first  place,  the  size  of  the  orifice, 
and  in  the  second,  the  height  of  the  jet  above  the  water, 
debars  the  ordinary  vulcanite  arrangement  from  bringing 
about  these  conditions.  The  height  of  the  jet  above  the 
water  necessitates  a  large  orifice,  or  very  few  air  bubbles  will 
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be  carried  into  the  tank  along  with  the  stream.  On  the 
other  hand,  the  larger  the  stream  the  larger  the  air  bubbles 
carried  along  with  it,  and  as  these  rise  to  the  surface  very 
quickly,  they  do  not  give  time  for  the  water  to  absorb  its 
required  oxygen.  Thus  it  appeared  that  a  very  fine  jet  enter- 
ing the  water  close  to  its  surface  would  give  a  more  beneficial 
result.  In  order  to  try  this  I  screwed  off  the  vulcanite 
nozzles  and  fitted  an  indiarubber  stopper  to  the  open  end  of 
the  jet.  Through  this  a  glass  tube  was  introduced,  suflBciently 
long  to  reach  the  surface  of  the  water.  The  end  to  form  the 
jet  was  then  drawn  out  to  a  fine  point,  and  arranged  about 
one-eighth  of  an  inch  above  the  surface  of  the  water.  By  this 
means  a  very  fine  stream  always  entered  the  tank,  and  along 
with  it  an  immense  number  of  small  air  bubbles  penetrated 
quite  to  the  bottom.  Many  of  course  rose  to  the  surface 
quickly,  but  the  smaller  ones  remained  so  long  in  the  water 
as  to  be  easily  traced  5  or  6  feet  from  the  jet.  In  this 
manner  less  water  was  used  in  the  daily  circulation,  and  a 
better  result  obtained.  In  less  than  a  week's  time  it  was 
easily  seen  that  the  water  presented  a  crystal  appearance  it 
had  never  shown  before.  The  small  bubbles  remained  so 
long  in  the  water  that  time  was  given  for  all  the  oxygen  to 
be  withdrawn  that  could  be  retained.  Besides  there  was  no 
stirring  up  of  the  bottom,  nor  any  signs  of  that  turbulence 
which  is  the  necessary  accompaniment  of  a  comparatively 
large  jet.  Later  I  adopted  a  form  of  filter  and  jet  combined 
(Fig.  3),  which  has  been  retained  up  to  quite  recently.  This 
is  a  simple  arrangement,  which  proves  very  useful  in  case  the 
water  has  to  be  pumped  direct  from  the  sea,  or  if  the  water 
should  have  become  a  little  muddy  from  any  cause.  The 
drawing  will  suflBciently  explain  itself.  A  is  a  cork  cut  in 
grooves  so  as  to  allow  the  water  to  pass,  and  B  represents 
the  carded  cotton,  which  must  be  removed  when  dirty.  I 
have  used  various  modifications  of  this  arrangement,  and 
tried  various  substances  through  which  to  filter  the  water. 
I  find  that  carded  cotton,  washed  before  it  is  used  in 
fresh  water,  serves  every  purpose.  Some  months  ago,  how- 
ever, it  struck  me  that  a  modification  of  the  form  of 
aspirator   used   in   chemical   laboratories   should    do    even 
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better  than  anytliing  previously  tried.  Besides  introduc- 
ing air  into  ttie  tanks,  this  arrangement  ensures  that  the 
water  also  is  thoroughly  aerated  aa  it  enters.  Figa.  4  and 
5  show  two  arrangements  which  have  been  tried.  Thesa  l 
two  are  most  applicable  for  comparatively  shallow  tanks, 
while  the  one  shown  in  I'ig.  G  may  he  used  in  tank9  of 
any  depth.  The  water,  in  issuing  from  the  fine  pointed 
tube,  draws  in  with  it  a  current  of  air  through  the  open  tube, 
and  the  two  form  a  mass  of  froth  in  the  lower  one.  The  out- 
let is  contracted  a  little  so  aa  to  confine  this  froth  and  make 
it  enter  the  tank  in  the  form  of  a  stream.  This  arrangement 
gives  even  smaller  bubbles  than  before.  By  the  an'angement 
shown  in  Fig.  6  the  mixed  air  and  water  are  made  to  enter 
the  tank  at  the  bottom,  so  that  the  bubbles  of  air  have  to 
pass  thi'ough  the  whole  of  the  water  before  they  can  make 
their  escape  This  ensures  perfect  aeration,  and  some  of  the 
bubbles  are  so  small  as  to  require  a  lens  to  see  them.  By 
these  improved  methods  the  daily  circulation  has  been  re- 
duced to  C20  to  G30  gallons,  and  the  motor  only  uses  340 
gallons  to  pump  this  quantity.  Thus  the  coat  of  circulation 
has  been  reduced  from  14s.  a  month  t^j  Ss,  I  should  mention 
that  the  14s.  a  month  does  not  represent  the  cost  when  the 
vulcanite  jets  were  in  use ;  these  were  soon  found  to  be  so 
expensive,  that  they  quickly  gave  way  to  the  plain  glass 
tube  arrangement,  and  I  kept  no  account  of  the  daily  circula- 
tion at  that  time. 

Altogether,  the  water  in  my  aquarium,  which  has  never 
been  changed  since  the  commencement,  was  never  in  such 
good  condition  as  it  is  at  present,  and  never  contained  as 
great  a  quantity  of  micra=*copic  life. 

Although  this  system  is  so  generally  applicable  and  ao 
satisfactory,  it  must  not  be  supposed  that  I  recommend  its 
universal  application.  Probably  no  single  system  of  aeration 
is  equally  advantageous  for  all  marine  organisms.  Although 
pure  and  well  aerated  water  is  a  necessity  for  nearly  all,  it  is 
also  necessary  to  be  acquainted  with  the  natural  habitat  of 
any  particular  form  before  one  is  able  to  arrange  a  system  of 
circulation  suited  to  its  requirements.  For  instance,  Anemonia 
sulcata  (Antheus  cereus),  one  of  the  commonest  anemones  in 
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the  English  channel,  is  found  to  flourish  best  between  high 
and  low  water  marks.  It  fixes  itself  to  ledges  of  rock,  or  in 
shallow  rock  pools,  in  such  a  manner,  that  as  the  tide  ebbs 
tlie  anemone  is  barely  covered  with  water.  In  places  where 
any  depth  of  water  is  left  over  this  species  at  ebb  tide,  it 
will  always  be  noticed  that  a  strong  current  exists,  as  for 
instance  at  Gibraltar,  where,  in  a  narrow  channel  through 
which  a  constant  strong  current  flows,  the  bottom  is  per- 
fectly carpeted  with  this  species.  It  appears  then  that 
for  such  forms  as  A.  sulcata  well  aerated  water  is  not  suflS- 
cient — there  must  be  in  addition  a  strong  and  constant 
current.  Many  years'  experience  has  shown  that  this  is  the 
case.  In  the  large  public  aquaria  it  has  been  found  impos- 
sible to  keep  this  beautiful  anemone  more  than  six  months 
in  the  ordinary  tanks,  and  in  order  to  keep  it  longer  and  in 
all  its  brilliancy  I  have  found  it  necessary  to  imitate  artifi- 
cially the  carpet  garden  near  Gibraltar. 


XXXII.  Investigations  on  the  Movements  and  Food  of  the 
Herring,  with  additions  to  the  Marine  Fauna  of  the 
Shetland  Islands.  By  Fred.  G.  Pearcey,  Esq.,  of  the 
"  Challenger  "  Expedition.     [Plate  XX.] 

(Read  21st  January  1885.) 

In  June  last,  when  the  Scottish  Sea  Fishing  and  Curing 
Company  (Limited)  was  formed,  a  berth  on  board  the 
"  Energy,"  one  of  their  three  vessels,  was  kindly  placed  at 
the  disposal  of  Mr  John  Murray,  V.P.E.S.E.,  of  the  "  Chal- 
lenger" Expedition  Commission,  for  the  purpose  of  allowing 
a  naturalist  to  accompany  her  on  a  trial  cruise  to  the  Shet- 
land fishing  grounds.  Advantage  was  at  once  taken  of  this 
offer,  which  it  was  seen  would  afford  great  opportunities  for 
the  further  study  of  the  now  great  problem  of  the  development, 
migration,  and  food  of  the  herring  and  other  food  fishes, 
together  with  biological,  physical,  and  meteorological  work, 
the  result  being  that  I  was  invited  to  accompany  her  for  a 
few  weeks,  an  offer  which  I  gladly  accepted. 
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Accordingly  on  the  21st  June  I  embarked  on  board  the 
"  Energy,"  taking  with  me  the  necessary  collecting  appara- 
tus, consisting  of  dredge  and  all  the  dredging  appliances, 
sounding  rod  and  line,  towing  nets,  microscope,  with  re- 
agents, surface  and  deep-sea  thermometers,  also  hatching 
boxes  for  developing  the  herring  ova  if  an  opportunity  should  ' 
show  itself. 

The  Company's  vessels  are  fitted  out  on  the  Dutch  plan, 
for  curing  herring  and  other  fish  at  sea,  with  the  addition  of 
steam-power  for  working  the  nets. 

The  "Energy"  is  a  smack-rigged  vessel,  carrying  two 
masts,  main  and  mizzen,  the  mainmast  being  iitted  so  as  to 
be  lowered  at  sea  to  ease  the  weight  of  the  vessel  when 
riding  at  the  nets  or  lines.  She  was  also  furnished  with  a 
patent  steam  capstan,  which  greatly  facilitated  the  bawling 
in  of  the  herring  nets  or  long  lines.  Tlie  size  of  the  vessel 
will  be  understood  from  the  following  dimensions : — Length 
of  keel,  74  feet;  breadth  of  beam,  20  feet;  depth  of  hold,  10  feet; 
registered  tonnage  76,  and  an  average  carrying  capacity  of 
about  120  tons.  Appliances  for  curing  were  fitted  on  board, 
consisting  of  large  troughs  2  feet  deep,  on  either  side  of  the 
deck,  fore  aud  aft,  with  tubs  and  trays  for  gutting,  etc.,  also 
a  full  complement  of  nets,  buoys,  hand  and  long  lines,  and 
the  requisite  quantity  of  salt  and  barrels. 

In  addition  to  the  provision  for  curing  on  board,  there 
were  also  arrangements  for  "  rousing "  or  salting  in  bulk, 
when  the  takes  of  herring  should  be  so  lai^e  as  to  prevent 
the  curing  being  overtaken  within  twenty-four  hours,  the 
time  allowed  by  the  Fishery  Board  Regulations  for  curing 
herring,  cod,  ling,  and  other  white  fish. 

The  captain,  John  J,  TuUoch,  a  Shetlander,  well  acquainted 
with  the  Noi'th  Sea,  and  especially  the  Shetland  Islands,  with 
a  crew  of  five  men,  one  cooper,  and  four  apprentices,  eleven 
in  all,  constituted  the  ship's  company, 

,  The  "  Energy,"  after  clearing  May  Island  and  the  Firth  of 
Forth,  took  a  north-easterly  course  along  the  Kincardine 
and  Aberdeen  coasts. 

By  12  noon  on  the  22d  we  were  becalmed  C  miles  off  the 
mouth  of  the  river  Tay,  so  that  I  was  able  to  work  the  sur- 
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face  towing  nets,  which  gave  great  quantities  of  the  beauti- 
ful little  Ctenophore,  Beroe  ciuyumis,  Anhelid  larvae,  Zooeae, 
Amphipods,  free  swimming  larvae  of  Bcdanus,  Appendicidaria, 
many  large  Medusae  (Aurelia  aurita),  and  Diatoms,  such  as 
CoscitvodiscuSy  etc.  The  temperature  of  the  surface  was  50°'6. 
Later  in  the  afternoon  a  light  breeze  sprang  up,  and  the  sea 
surface  water  was  noticed  to  change,  as  we  sailed  slowly 
onward,  from  a  beautiful  sky  blue  to  a  dirty  green  colour. 
The  towing  net  showed  the  latter  colour  to  be  due  to  a  great 
quantity  of  argillaceous  matter  in  the  water,  probably  flowing 
from  the  river  Tay.     Very  little  animal  life  was  found. 

The  afternoon  of  the  23d  was  spent  in  trying  to  beat  round 
Peterhead,  but  this  was  not  accomplished,  owing  to  the  wind 
dropping  to  a  dead  calm.  Taking  advantage  of  this,  I  was 
enabled  to  work  the  towing  nets,  and  obtained  the  following 
animals : — Thysanopoda,  Amphipods,  Zooeae,  Copepods,-Bateni^ 
larvae,  Appendicularia,  Peridinmm,  Beroe,  and  a  few  Diatoms. 

At  9  P.M.  a  fresh  breeze  sprang  up  from  the  south-west, 
and  this  being  a  favourable  wind  for  us,  we  were  able  to 
make  good  progress  passing  Peterhead.  At  10  p.m.,  with  the 
barometer  falling  steadily,  a  great  deal  of  phosphorescence 
was  noticed  on  the  surface  of  the  water,  which,  on  examina- 
tion, was  found  to  be  caused  greatly  by  the  Nyctiphanes 
{Thysanopoda)  norvegica,  M.  Sars,  and  Zooeae. 

At  9  A.M.  on  the  24th  we  were  30  miles  north-east  by 
north  off  Kinnairds  Head,  when  another  complete  change  in 
the  colour  of  the  sea  was  observed  from  a  light  blue  to  a 
milky  or  slate  green.  Several  buckets  of  water  were  drawn, 
and  some  taken  with  a  large  glass  jar,  all  of  which  was 
exceptionally  clear.  The  tow-nets  were  worked  for  half-an- 
hour  in  this  locality,  and  with  the  exception  of  one  or  two 
Copepods,  no  pelagic  animals  were  present.  It  took  the 
"Energy" — agoing  fully  5  mUes  an  hour — about  three-quarters 
of  an  hour  to  pass  through  this  belt  of  peculiar  coloured 
water  before  emerging  again  into  the  ordinary  blue  sea. 
During  this  time  the  temperature  of  the  surface  was  taken  at 
intervals  of  15  minutes,  and  read  as  follows: — 51°'5,  51°-8, 
and  61°*9.  At  4  p.m.  the  surface  temperature  had  fallen  to 
49°,  and  this  seemed  to  me  a  very  remarkable  coincidence. 


392  Proceedings  of  the  Moyal  Physical  Society. 

The  depth  aa  shown  on  the  chart,  where  the  belt  of  coloured 
water  was  observed,  is  58  fathoms,  with  a  bottom  of  aand 
and  shells.^  It  is  possible  that  the  colour  of  tlie  water  may, 
to  a  small  degree,  be  due  to  the  reflection  from  the  white 
sand  at  the  bottom ;  it  certaiidy  waa  uot  due  to  any  organisms 
or  suspended  matter. 

At  6  P.M.  a  complete  change  took  place  in  the  weather.  A 
heavy  drifting  mist  set  iu,  while  the  wind  had  increased  to 
half  a  gale,  causing  the  ship  to  labour  heavily  under  close 
reefed  sails.  Fair  Island  (misnamed  so)  was  sighted,  and 
passed  at  8.30  P.M.  By  this  time  the  wind  had  increased 
to  fully  a  gale  in  force,  and  at  9  f  .m.  the  barometer  had  fallen 
to  49''-04  It  was  with  the  greatest  difficulty  we  were  able 
to  move  about  the  decks.  This  continued  till  1  a.m.  on 
the  2oth,  when  Sumhurgh  Head  was  sighted  and  passed,  and 
soon  afterwards  we  entered  the  quieter  waters  of  Mousa 
Sound.  At  2,30  a,m.  we  cast  anchor  off  Lerwick  after  a  very 
unpleasant  12  hours'  sailing.  Notwithstanding  the  bad 
weather  mauy  biological  and  meteorological  observations  con- 
tinued to  bo  taken. 

Two  days  were  spent  at  Lerwick  discharging  the  super- 
fluous material  brought  from  Lftith,  reiitting  the  "  Energy  " 
with  small  sails,  and  putting  her  in  proper  order  for  the  fish- 
ing. During  this  stay  I  occupied  myself  in  investigating  the 
pelagic  life  of  Lerwick  harbour  and  Bvessa  Sound,  which  I 
found  contained  an  enormous  quantity  of  algai,  chiefly 
KhizosoUnia  Shruisoki  (Cleve),  giving  the  water  a  dark 
brown  colour,  and  amongst  the  Diatoms  were  a  few  Gasteropod 
and  Lamellibranch,  Annelid  and  other  lai-val  forms.  The  tem- 
perature of  the  surface  water  was  49''-6,  and  the  bottom 
49°. 

At  10  A.M.  on  the  27th,  all  being  ready,  the  "  Energy," 
with  a  rising  barometer,  wound  her  way  thraugh  the  narrow 
north  entrance  to  Lerwick  harbour,  passing  Eova  Head  and 
Dales  Voe  on  our  left.  We  had  a  magnificent  view  of  Nosa 
Head,  with  its  high  perpendicular  cliffs,  round  which  myriads 
of  sea  birds  were  flying.  At  9  p.m.  we  were  37  miles  west  J 
south  of  Noss  Head,  and  a  sounding  was  taken  in  70  fathoms, 
'  8ee  aceoinpanying  track  chart. 
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which  showed  a  bottom  of  shell-sand.    The  surface  tem- 
perature was  30°-6,  and  the  bottom  49°-2. 

Here  the  herring  nets  were  set  for  the  first  time,  and  before 
going  further,  it  may  be  interesting  to  describe  the  method 
in  which  they  were  wrought. 

In  the  first  place  the  ship  is  brought  head  to  wind,  and  all 
the  sails  are  taken  in  except  the  jib  and  mizzen  sail  or 
spanker.  The  helm  is  lashed  close  over  to  one  side,  so  as  to 
keep  the  ship  steady  and  in  position,  in  this  manner  the 
ship  is  allowed  to  drift  slowly  with  the  wind  while  the  nets 
are  paid  out  over  the  quarter.  For  this  purpose  the  whole 
of  the  crew  is  required  ;  two  hands  below  in  the  hold  to  ease 
and  clear  the  nets  as  they  are  passed  on  deck,  one  in  the 
hawser  or  spring-back  locker,  four  to  attend  the  nets  as  they 
are  passed  over  the  weather  side,  one  to  attach  the  buoys  to 
the  nets  and  spring-back,  two  to  attend  the  spring-back,  and 
one  to  keep  the  whole  clear  as  they  enter  the  water.  Then 
the  end  of  the  spring-back,  which  is  intended  to  keep  the  nets 
in  position,  is  passed  up  out  of  the  locker,  and  a  large  sheep- 
skin buoy  is  attached  to  the  end,  which  is  passed  out  over  the 
bow  for  a  few  yards ;  the  nets  are  next  let  out  over  the  weather 
quarter  and  brought  to  the  bow  of  the  ship,  with  a  cork  buoy 
attached  at  intervals  of  three  yards,  and  sheepskin  buoys  are 
attached  to  the  «pring-back  and  nets  alternately.  In  this  way 
they  are  paid  out  as  fast  as  the  ship  is  drifting  to  leeward. 

In  hauling  the  nets  on  board  again  the  spring-back  is 
attached  to  the  steam-winch,  and  hauled  in  over  the  bow. 
By  so  doing  all  the  strain  is  taken  off  the  nets,  which,  as  the 
buoys  are  detached  at  the  bow  and  passed  along  the  side  of 
the  ship,  are  taken  on  board  in  the  same  manner  as  they 
were  paid  out  over  the  quarter.  The  herring  are  then  shaken 
out  on  deck  or  into  the  troughs,  and  the  nets,  spring-back, 
buoys,  etc.,  are  stowed  away  ready  for  the  next  cast.  After 
all  the  nets  are  taken  in  the  crew  at  once  set  to  work  gutting, 
curing,  and  packing  in  casks  ready  for  the  market. 

During  the  operation  of  laying  out  the  herring  nets  I 
worked  the  tow-nets  from  the  surface  down  to  5  fathoms — 
one  of  these  tow-nets  was  made  of  a  fine  muslin  and  the 
other  of  a  coarser  material     When  the  nets  were  hauled  on 
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board,  after  dragging  slowly  for  an  hour,  they  contained  a 
great  quantity  of  the  same  Alga  which  was  obtained  in  Lerwick 
Harbour  and  Breasa  Sound,  and  with  the  exception  of  a 
few  Copepoda  no  other  animal  life  woa  noticed  amongst 
it. 

From  the  25th  of  June  till  the  12th  July,  the  "  Energy" 
fisbed  with  herring  nets,  lines,  dredge,  swabs,  and  tow-nets, 
down  the  east  coast,  round  the  extreme  north  end  of  the 
islands,  and  up  again  off  the  west  side  of  Foula  and  Fair 
islands,  from  10  to  80  miles  oft'  land,  wliich  is  shown  by 
reference  to  the  apcompanying  chart.  Our  greatest  catch  of 
herring  was  taken  midway  between  Fair  and  Foula  Islands, 
with  a  surface  temperature  of  52''5,  and  the  bottom  water 
at  50°  Fahr. 

My  daily  routine  of  work  was  as  follows,  viz.,  at  4.30  a,m. 
the  herring  nets  were  hauled  on  board,  and  the  herring 
gutted,  their  viscera  thrown  into  a  tub  set  aaide  for  that 
pui-pose,  and  afterwards  carefully  e.'iamined  by  me,  notea 
taken,  and  contents  preserved  for  future  examination  ;  at  9 
A,M.,  12  noon,  and  9  p.m.  meteorological  observations,'  a 
sounding,  temperature  of  surface  and  bottom  water  was  taken 
and  noted.  The  tow-neta  were  kept  working  continually 
night  and  day  at  the  surface  and  intermediate  depths,  notes 
taken,  and  their  contents  preserved.  When  weather  per- 
mitted the  dredge,  or  several  swabs  attached  to  a  rod  of  iron 
and  weiglited  with  sounding  leads,  was  worked,  and  the 
animals  from  the  bottom  obtained ;  specimens  of  the  deposits 
of  each  sounding  were  also  preserved.  In  this  manner  the 
nature  of  the  surface  and  bottom  at  each  station  was  deter- 
mined. At  9  P.M.  the  herring  nets  were  again  laid  out  for 
the  night,  after  which  the  hand  lines  were  worked  with  good 
results  often  to  well  nigh  midnight,  the  fish  taken  in  this 
manner  consisting  of  cod,  ling,  saith,  tusk,  haddock,  and 
innumerable  piked  dogfish  (Acanthias  vulgaris),  also  a  shark 
{Scymnus  borealis),  all  of  which  were  carefully  examined,  and 
the  contents  of  their  stomachs  noted  and  preserved.  During 
the  cruise  no  absolutely  full  herring  were  caught,  although  I 

'  The  meteorological  observations  will  be  found  in  the  Proceedings  of  the 
Moteorologicftl  Soeiety'8  Journal  for  1885. 
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Watched  very  closely  for  them,  hence  I  was  unable  to  make 
any  experiments  with  fertilisation. 

This  work  continued  almost  without  intermission  till  the 
12th  of  July,  when,  owing  to  the  inclemency  of  the  weather, 
we  put  into  Scalloway,  where  I  finally  left  the  "  Energy." 

Eemarks  on  the  Food  and  Movements  of  Herring. 

A  good  deal  of  late  has  been  written  upon  this  subject,  and 
much  valuable  information  has  been  collected,  but  no  definite 
conclusions  seem  to  have  been  arrived  at.  During  the  cruise 
of  the  "  Energy  "  round  the  Shetland  Islands  the  herring  nets 
were  worked,  with  one  or  two  exceptions,  every  night.  The 
exact  position  where  the  nets  were  drawn  will  be  seen  by 
reference  to  the  accompanying  chart.  The  position  of  the 
ship,  the  surface  and  bottom  temperature,  were  taken,  and 
when  an  opportunity  occurred  the  nature  of  the  bottom  was 
determined;  collections  of  surface  animals  were  also  con- 
tinuously made.  All  the  herring  caught  were  immediately 
gutted,  and  their  viscera  thrown  into  a  tub  set  aside  for  that 
purpose,  the  stomachs  being  afterwards  more  carefully 
examined.  In  this  manner  I  was  able  to  examine  the 
stomachs  of  most  of  those  caught  during  the  cruise,  and  the 
most  remarkable  result  of  my  observations  has  been  the 
record  of  their  emptiness — fully  90  per  cent  being  devoid  of 
food  material — so  that  it  was  only  on  rare  occasions  I  found 
one  containing  what  may  be  termed  a  full  meal.  When  this 
was  the  case  it  consisted  principally  of  young  fish  such  as 
Ammodytes,  Motella,  and  Gadus  pollachius,  and  in  some  cases 
these  were  mixed  with  a  few  Copepods,  the  zooese  stage  of 
Brachyura,  Hvadne,  larvae  of  Mollusca,  Eadiolaria,  etc.  Three 
tubes,  each  containing  some  of  the  preserved  contents  of  the 
herring  stomachs,  have  been  carefully  examined,  and  the 
results  are  as  follows : — 

Tube  No.  1. 

One  specimen  of  a  young  fish  presented  the  following 
characters: — ^Length,  13  mm. ;  colour,  yellowish ;  shape,  elon- 
gated ;  dorsal  fin  not  prominent,  but  close  to  tail ;  single  anal 
fin  not  prominent,  close  to  tail,  and  opposite  the  dorsal  fin ; 
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pectoral  fins,  immediately  beliind  the  head ;  snout,  elongated ; 
upper  surface  of  snout,  concave ;  no  pelvic  fins  visible;  pig- 
ment spots  on  the  dorsal  surface  of  the  head  and  along  the 
body — above  and  below— on  either  side,  hence  possibly  the 
specimen  was  Avimodytes.  All  the  other  specimens,  22 
in  number,  were  probably  the  young  of  Urosmus  brosme 
(White),  They  weT'e  somewhat  like  Mamicepe  raniwua 
(Collett),  being  provided  with  soft  hns,  having  the  pelvic  and 
jugular  in  tbeir  normal  positions  and  very  long,  consisting  of 
three  or  four  curved  separate  rays ;  the  peetoral  fin  was  small 
and  rounded ;  the  dorsal  fin  eontinnous  from  a  joint  behind 
the  head  to  the  tail ;  the  ventral  fin  continuous  from  taQ  to 
anus ;  the  head  was  globular,  mouth  small,  and  the  lower  jaw 
did  not  project.  There  was  also  a  slight  prominence  at  the 
tail  of  a  rounded  form.    Their  length  varied  from  5  to  7  mm. 

Tule  No.  2. 

This  contained  one  clotted  piece,  with  a  number  of  cases  of 
Tintinua  de7iticitlatus,  Copepods,  and  Molluscan  larva;  four 
specimens  of  fishes,  5  to  6  mm.  long,  provided  with  fins  con- 
tinuous round  the  tail;  thoracic  pelvic  fins,  and  the  anus 
situated  far  from  the  tail,  the  liead  being  globular.  The 
specimens,  however,  were  not  old  enough  to  identify.  Mr  J. 
T.  Cunningham  informs  me,  they  resemble  somewhat  those 
which  were  hatched  at  the  Marine  Station,  Granton,  from 
adhesive  eggs.  This  tube  also  contained  a  single  specimen 
of  Ammodytes. 

Tube  No.  3. 

Here  were  found  20  to  30  specimens  of  young  fishes,  some 
much  digested,  others  less  so.  In  the  latter  case  I  was  able 
to  find  specimens  having  three  dorsal  fins  with  soft  rays  and 
two  ventral  fins,  hence  probably  they  belonged  to  the  genus 
Gadus. 

The  tow-nets  were  kept  working  continually  night  and  day 
throughout  the  cruise,  and  I  was  therefore  able  to  compare 
the  pelagic  animals  obtained  with  the  contents  of  the  herring 
stomachs  at  the  exact  spot  where  they  were  caught.  Where 
our  finest  catch  of  herring  was  taken,  I  spent  a  whole  day 
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in  examining  the  contents  of  their  stomachs ;  over  a  thousand 
of  the  largest  were  dissected,  and  it  was  found  that  not  more 
than  three  or  four  in  a  hundred  contained  food.  It  is  some- 
what remarkable  that  this  food  consisted  almost  entirely  of 
young  fish.  One  of  the  most  perfect  specimens  was  kindly 
identified  for  me  by  Dr  Francis  Day  {Gadus  pollachivs).  It 
is  worthy  of  note  that  no  young  fish  of  the  above  species 
were  taken  in  the  surface  gatherings,  while  others  of  the 
genus  Ammodytes  and  Motdla  were  in  some  localities  quite 
common.  After  examining  my  notes  on  previous  investi- 
gations upon  the  same  subject,  I  am  convinced  that  the 
herring  feed  upon  most,  if  not  all,  of  the  minute  animals 
which  live  in  or  near  the  surface  waters  of  the  sea;  and 
wherever  these  are  abundant,  there  the  herring  will  be  found 
in  the  largest  quantities.  There  can  be  no  doubt  that  the 
herring,  like  most  other  fish,  is  a  voracious  feeder :  nothing  in 
the  way  of  food  seeming  to  come  amiss.  The  abundance  of 
its  food,  as  well  as  suitable  localities  for  depositing  ova,  are, 
in  my  opinion,  the  principal  causes  of  their  apparently  hap- 
hazard movements.  The  temperature  of  the  water  does  not 
seem  to  me  to  have  much,  if  any,  effect  on  the  movements 
of  the  herring ;  but  this  may  not  hold  good  as  far  as  the 
propagation  of  their  young  on  the  spawning  grounds  is  con- 
cemed.  It  is,  however,  impossible  to  draw  definite  conclu- 
sions on  such  extremely  short  investigations.  It  will  be  for 
future  investigators  to  show  whether  the  variation  of  tem- 
perature has  anything  to  do  with  their  movements.  The 
average  temperature  of  the  sea  surface  all  rouijd  the  Shetland 
Islands  from  the  24th  June  to  the  12th  July  was  52°  Fahr., 
and  the  bottom  temperature  50°.  Where  our  greatest  catch 
of  herring  was  taken,  the  surface  temperature  was  52°*5 
when  the  nets  were  laid  out,  iand  51°*9  when  hauled  in. 

This  change  of  temperature  took  place  during  six  hours 
while  the  "  Energy  *'  was  drifting  slowly  with  the  nets.  On 
the  east  side  of  the  Shetland  Islands,  as  far  as  could  be 
made  out  by  the  position  of  the  nets  and  the  way  the  herring 
were  caught  in  them,  they  were  swimming  in  a  mviih-east 
direction ;  while  on  the  west  side  of  the  islands  they  were 
swimming  in  a  mn^-west  direction. 
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Professor  Coasar  Ewart,  in  a  paper  reatl  before  the  Koyal 
Physical  Society  ^  on  the  auhjeut  of  the  deserted  spawiiing- 
grouuda  of  the  herring,  says :  "  One  of  the  beat  known  hanks 
visited  in  the  aiitumn  is  the  Guillan  Bank,  while  the  hank 
at  Ballantrae  is  the  moat  familiar  resort  during  the  spring ; 
hut  in  addition  to  these  there  are  many  others  well  known 
to  our  fishermen.  All  these  spawning-grounds  are  liable  to 
be  deserted  for  longer  or  shorter  periods,  e.g.,  GuUlan  Bank 
liaa  practically  been  deserted  during  the  last  fifteen  years ; 
the  bank  off  Dnuhar  has  been  deserted  for  a  still  longer 
period ;  the  Ballantrae  bank  was  all  but  deserted  for  several 
years ;  while  the  herring  shoals  loft  the  Bohualan  grounds 
in  1808,  and  did  not  make  their  appearance  again  in  any 
numbers  until  1877." 

The  desertion  of  the  herring  from  the  spawning-grounds 
mentioned  above,  I  am  of  opinion,  may  be  partly,  if  not 
wholly,  attributed  to  the  following  causes.  In  the  first  place, 
the  fishermen  have  been  complaining  for  several  years  of  the 
great  numbers  of  sharks  and  dog-fishes  wliich  frequent,  or 
have  remained,  in  certain  locaKtiea  known  to  be,  or  to  have 
been,  spawning-gronnds  of  the  herrinp:,  and  where  immense 
catches  of  herring  were  formerly  taken ;  but  since  the  arrival 
of  the  sharks,  it  is  sure  ruin  to  lay  their  nets,  as  they  are 
either  lost  altogether  or  torn  to  pieces  by  tliem.  An  ilhis- 
tration  of  this  presented  itself  during  the  cruise  of  the 
"  Energy  "  off  the  west  coast  of  the  Shetland  Islands,  once  a 
famous  spawning-giound  of  the  herring.  Our  nets,  70  in 
number,  were  laid  out  after  sunset  in  the  usual  way,  and 
during  the  night  the  piked  dog-fish  {Amnthias  imlgaris)  were 
so  numerous  swimming  near  the  ship,  that  any  number 
might  liave  been  caught  by  the  trident  or  harpoon ;  indeed, 
the  men  could  scarcely  put  over  their  hand-lines  without 
hooking  one,  and  the  sea  for  a  considerable  distance  round 
us  seemed  to  be  alive  with  thera.  The  nets,  in  consequence, 
had  to  he  hauled  on  board  much  sooner  than  usual,  the  catch 
at  this  time  amounting  to  only  three  barrels,  80  per  cent,  of 
which  were  so  badly  bitten,  that  they  were  of  no  use,  and  in 
a  great  many  cases  only  the  heads  of  the  herring  remained 
'  Proc.  Roy.  Plija.  Soe.,  vol.  viji.,  part  1. 
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in  the  nets,  which  were  also  badly  torn.  Hence,  it  would 
appear  that  the  sharks,  when  once  properly  located,  remain 
in  or  near  the  same  ground,  where  they  have  been,  and  pro- 
bably are  still,  abundantly  supplied  with  food ;  and  the  once 
favourite  spawning-ground  of  the  herring  is  naturally  shunned 
by  them  for  a  more  quiet  and  suitable  locality.  Secondly, 
for  the  last  three  years  the  fishermen  at  the  Shetland  fishing 
grounds  have  been  sorely  tried  by  loss  of  time  and  expense 
incurred  in  replacing  their  nets,  owing  to  the  enormous 
quantity  of  vegetable  matter,  which  they  regard  as  dirt  in 
the  water.  This  matter  is  almost  exclusively  diatom  aceous, 
consisting  of  the  living  frustules  of  Rhizosolenia  Shrubsolei 
and  Thallasiosira  Nordenskioldii,  which  we  have  already  re- 
ferred to,  and  which,  in  addition  to  destroying  the  fishermen's 
nets,  emit  an  exceedingly  disagreeable  odour. 

This  was  also  my  experience  while  on  board  the  "  Energy," 
as  we  often  passed  through  huge  dense  banks  of  it.^  Between 
these  were  spaces  of  clear  water,  so  that  the  nets  were  fre- 
quently stretched  across  the  Rhizosolenia  banks  and  clear 
spaces  together;  in  every  case  where  the  nets  were  lying 
among  Rhizosolenia  not  a  single  herring  was  caught,  while 
outside  of  the  diatomaceous  zones  they  were  found  in  abund- 
ance. Many  experiments  were  made  to  test  the  exclusive 
power  of  the  Diatoms,  all  giving  the  same  results. 

Not  being  able  to  account  for  so  much  vegetable  matter, 
and  little  or  no  animal  life  in  the  surface  water,  I  determined 
to  make  some  experiments  as  to  how  deep  the  algae  were  to 
be  found,  and  whether  the  pelagic  life  was  more  abundant 
underneath  the  algoid  material.  Accordingly,  three  nets 
were  worked  for  an  hour  simultaneously,  one  on  the  surface, 
one  at  10  fathoms,  and  the  other  at  20  fathoms ;  all  three 
were  taken  on  board  with  great  quantities  of  algaj.  The  one 
at  10  fathoms,  however,  contained  the  most,  showing  that  it 
was  in  greater  quantities  at  10  fathoms  than  either  at  the 
surface  or  at  20  fathoms. 

I  have  never  before  observed  algse  to  have  such  a  decided 
effect  on  the  water.  In  two  localities,  during  the  "  Challenger  " 
Expedition,  viz.,  Arafura  Sea  and  the  Antarctic  Sea,  algae 

^  The  localities  are  indicated  by  brown  patches  on  the  chart 
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were  taken  from  tlie  surface  in  great  abundance,  so  much  so 
in  the  Antarctic,  that  their  dead  frustulea  made  up  the  de- 
posit at  the  bottom,  forming  a  diatoniaceous  ooze;  but  at 
neither  of  these  places  had  it  such  an  effect  in  colouring  the 
water,  nor  waa  there  any  offensive  odour  aa  when  taken 
in  niaea  in  the  north  hy  the  tow-neta.  The  herring  nets 
were  often  thickly  coated  with  this  algte,  but  the  phosphatic 
odonr  given  off  was  so  offensive  at  times,  that  the  men 
could  scarcely  remain  at  work,  and  were  only  able  to  do 
so  by  allowing  the  nets  to  run  through  tuba  of  fresli 
water  as  they  were  hauled  on  board.  Little  heapa  of 
the  algte  were  formed  on  the  deck,  as  it  dropped  from 
the  nets.  Theae  heaps  were  to  the  touch  slimy  masses, 
similar  in  colour  to  molasses,  and  the  nets  from  wliich 
they  fell  had  to  be  carefully  washed  before  being  again 
used. 

There  can  he  no  doubt,  then,  that  this  vegetable  matter 
exercises  a  very  great  influence  over  the  herring  and  the 
pelagic  animals  upon  which  they  feed,  as  very  little  animal 
life  was  found  amongst  it  Iji  support  of  my  observations,  I 
have  received  a  letter  on  the  subject  from  Mr  W.  H.  Shrub- 
sole  of  Sheemess,  with  whom  I  had  put  myself  in  communi- 
cation.    He  says : — 

"  I  have  often  met  with  Eliizosolenia  here  in  small  quanti- 
ties, and  in  1880  or  '81  I  found  that  the  water  of  the  Thames 
estuary  waa  crowded  with  it ;  each  time  I  dropped  my  tow- 
net  over,  in  a  few  minutes  it  waa  lined  with  this  diatom  ao 
thickly  as  to  present  a  dark  velvety  appearance,  and  a  very 
peculiar  and  powerful  odour  was  emitted.  You  may  be  in- 
terested to  know  that  every  year,  about  May  and  June, 
another  organism  (an  alga)  abounds  in  these  waters,  which 
fishermen  think  to  be  fish  spawn ;  they  aay  it  rota  their  nets 
and  ropes.  It  certainly  causes  such  things  to  feel  veiy 
slimy." 

There  has  not  be  n  t  ne  to  caref  Uy  investigate  and 
identify  all  the  va  ous  ot^&d.  sn  s  tike  in  the  tow-net 
gatherings.  I  have  tl  erefo  e  n  e  ely  ^  ven  the  list  of  the 
different  groups  fron  i  fe  stat  o  a  d  the  localities  from 
which  they  were  ohta    ed  si  ow  n^      here  the  herring  were 
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taken  in  abundance  and  where  few  or  no   herring  were 
caught. 


1. 


Herring 
Plentiful. 


'  Noss  Head,  W.  J  N.  30  miles,    .        .  'k  Surface  Temperature, 
Skerry  Light,  N.  W.  J  N.  19i  miles,  /  60°-3. 

Annelid  larvae,  .        .  many. 

Zooese,      ....  many. 

/      Copepods,         .         .        .  common. 

Globigerina  bulloides,  many,  covered  with  their  beautifully 
delicate  spines. 

Radiolaria,       .         .         .  few. 

Appendiculariay       .        .  common. 

\    Peridiniumf     .        .        .  few. 


2. 


Herring 
Plentiful 


^  Skerry  Light,  W.  J  N.  27 J  miles,     ,  'k  Surface  Temperature, 
Lamba  Ness,  N.W.  by  N.  31  mUes,    .  j  60° '4. 

Young  Fish  {Motella),       .     many. 

Young  Fish  (Aminodytes^     several. 

Molluscan  larvse,       .         .     many. 

Zooeae,      ....     many. 

Copepods,         .        .         .     common. 

Echinoid  larvae,        .        .     few. 

Olobigerina  hilloides,        .     few. 

Olobigerina  inJlcUa,  .         .     several. 

Radiolaria,       .        .        .     few. 

Tintimis  dcTUiculcUtiSf  common,   the  ciliary  movement  of 
which  was  seen  distinctly,  but  the  endochrome  dis- 
appeared when  placed  in  spirit. 
\     Appendiculariaf        .        .     common. 

The  localities  are  indicated  by  the  cross-shaded  patches  on 
the  accompanying  chart. 


3. 

No 
Herring. 


Diatomaceous  Zone,  chiefly  Jihizosolenia  Skrubsolei, 


^  Vb  Skerries,  E.  by  N.  12  miles,  with 

a  drift  over  the  same  bearings  of  5  f  Surface  Temperature, 
miles -C  62°-2. 


Few 
Herring. 


ine. 


FoULA  Island,  E. 

side,  S.  4  W.  9  miles. 

Copepods, 

.     very  few. 

ZocRae, 

.     one. 

Radiolaria, 

.     several. 

Medusae,  . 

.     several. 

Bhizoaolenia,    . 

.    common. 

ScMBUROB  HBAn,  E.  by  N.  12  miles, 
LTH   Front   op   Faik   Island,   1 


^L  Herring 

H  AbuudttDt. 


Youup  Fiali  (Ammodslna), 
Yoang  Fish  (ifuUllai, 
MoUuficaii  lirva, 

Olobigerina  balloidea,  with  BIlill(^8,  n 
Badioliiria  (compoiuid), 

Appendieularia, 
Peridiiiiitm,  tripos,     . 
Ftridiniiim  sp., 
TMmva  dcnticulatas, 

Scalloway  HAiiBoun,  lltliJuly. 
Gaatroi>oii  lalTi, 
Anoelid  larvD,  . 

Copepoils, 

Echiuoid  larra, 

M«dusoiiI  gODopLorcH, 

Diiktouis, few,  such  ns  6Wimio(iu:u«. 

It  ia  worthy  of  note  tliat  no  2ihizo!KikRia  was  found  here. 


List  of  Observing  Stations. 
Station  1.  Flogger  Light,  W.  \  N.  25  miles.     Depth,  125 
fathoms. 
Surface  temperature,  53°-5 ;  bottom  temperature,  49°-3. 

Station  2.  Ossa  Skekry,  S.W.  by  S.  J  S.  7  miles. 

Una  Eass,  E.S.E.  5  miles.     Depth,  56  fathoms. 
Surface  temperature,  54° ;  bottom  temperature,  48°G. 

Station  3.  Ve  Skerry,  R  by  K.  12  miles. 

FoDLA  Island,  S.  J  W.  7  miles.   Depth,  73  fathoms. 
Surface  temperature,  52'-3 ;  bottom  temperature,  51°-8. 


Station  4.  Sdmbukgii  Head,  R  |  S.  8  miles. 

Fair  Island,  S.W.   {  S.  15  miles.     Depth,  58 
fathoms, 
Sui'face  temperature,  SS^^S ;  bottom  temperature,  48°. 
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Station  5.  Fair  Island,  S.  \  E.  18  miles. 

SuMBUEGH  Head,  E.  by  S.  J  S.  18  miles.    Depth, 
70  fathoms. 

Station  6.  Bight  of  Hames,  Bressay.    Depth,  6  fathoms. 

Station  7.  Off  Sumburgh  Head,  11  miles.   Depth,  75  fathoms. 

Station  7a.  Sumburgh  Head,  S.E.  by  S.  14  miles.    Depth, 

76  fathoms. 

Station  8.  Lat.  58"  45'  0"  K,  long.  0°  55'  0"  E.;  depth,  85 

fathoms. 


List  of  Animals  collected  during  the  cruise  of  the  Fishing 
Smack  "  Energy,''  arranged  in  their  order  of  classification. 


CCELENTEEATA 

-• 

Hydroida. 

Eudendrium  ramosum  (Linn.).            Stations  1  and  8. 

Tubularia  indivisa,  T/inn. 

M 

2,  4,  and  8. 

„         larynx,  Ell.  and  Sol. 

f> 

4. 

„         coronata  (Abildg.). 

)> 

5. 

Clytia  johnstoni  (Alder). 

» 

4. 

Companularia  raridentata,  Alder  ? 

it 

4,5. 

„            vertidllata  (Linn.). 

ft 

4,5, 

Gonothyrcea     hyalina,    Hincks,     on 

TvMlaria. 

99 

5. 

Ohelia  dichotoma  (Tiinn.). 

» 

2,6. 

Lafoea    dumosa     (Flem.),    on   Sert. 

dbietina  and  Hydrallmania. 

» 

5,  7,  7a. 

Coppinia    arcta,    Dalyell,    on    Sert. 

aUetina, 

99 

4. 

Halecium  halecinum  (Linn.). 

>» 

5,  7,  7a. 

Sertidarella  polyzonias  (Tiinn.). 

» 

4. 

gayi,  Lam. 

» 

2,4. 

Diphasia  pinnaster  (EIL  and  Sol.). 

99 

2. 

SertulariaJUicula  (Ell  and  Sol.). 

99 

4. 
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■ 

Sertularia  abictiiw,  Linn.                    Sfcations  4,  5. 
„          GupressiiM,  Linn.                      „       4,  5. 
HydraUmania/alcaia  (Linn.).                   „        5,  7a.  8. 
Thmaria  Umja  (Linn.).                              „        4. 
Antennularia  ramosa  (Lam.).                    „        3. 
Flumularia.  piwnnta  (liun.).                     „       3,  5. 

1 

ECHraODEKMATA. 

I 

Ophiuroidea. 

■ 

Ophiopholis  amleata  (0.  F.  MiiU.).      Stations  2,  3,  7,  7a. 
Ophioetma  nigra  (O.F.MnU:).                 „       G. 
Ophiadis  Ballii  (Thompa.).                        „       2. 
(^hiothi-ix  pentaphyllum  (Pennant).         „        2,  3,  15,  7a. 
Ophiadis  abymcola  (Sara).                         „        2. 

1 

ASTEKOIDEA. 

Asterias  rubens,  Linn.                           Stations  1,  2,  6. 

glacialis,  Linn.,  young.                „       8. 
Luidia  Sarsii  (Dab.  and  Koien).              ,.        8. 

Astropeden  irregularis  (Pennant).             „        3,  7,  7a,  8. 

« 

Sdaster  papposus  (Linn,),  „        1. 

Crihrella  sangutnolenta  (Miill.).  „        2,  7,  7a. 

Stichaster  roseus  (0.  F.  Miill.).  „        2,  7. 

ECHINOTDEA. 
Echinus  miliaris,  Leske.  Stations  2. 

„       norvefficus.  Dub.  and  Koren, 

abundant.  „        3,  5,  G,  7, 

Strongylocentrotiis    drohachiensis    (0. 

F.  MiiU.).  „        5,  f>,  7. 

Cidaris  papillafa.,  Leske,  a  single  fine 
specimen,  taken  with  hook  and 
line   in   70    fathoms    off    Fair 
Island  by  a  fisherman. 
Hchinocyamus  pusillus  (0.  F.  Miill.).        „       2. 
Spatangm  purpureus  (Miiller).  „       2,  3, 4,  5, 1 

EchiTtocardiwvi  cordatum  (Penn.).  „        7. 

Srissopsis  lyri/era  (Forbes).  „       7,  7a. 
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HOLOTHUROIDEA. 

CucuToaria  frondosa  (Gunner),  a 
single  specimen  from  Lerwick 
Harbour,  7  fathoms. 

POLYZOA. 

Bugula  avicularia  (Pallas),  several 

fine  specimens.  Stations  1,  2,  5. 

„       murrayana  (Bean).  „  7a. 

„       puiyurotincta,  Norman.  „  5. 

Cellaria  fistulosa  (Linn.).  „  2,  4. 

Microporella  dliata  (Pall.).  „  7. 

Schizoporella  linearis  (Hassall).  „  7. 

-Pore/te  comjpressa  (Sowerby),abundant.  „  2,  7,  7a,  8. 
Retepora  heanianxt,  King,  abundant, 

and  fine  specimens.  „  1,  2,  7,  7a. 

Cellepora  pumicosa,  Linn.  „  2,  4. 

„        ramulosa,  Linn.  „  1,  2,  7,  7a,  8. 
„      dichotoma,  Hincks,  chiefly  on 

Halecium  and  other  Hydroids.  „  1,  7a,  8. 

Homera  lichenoides  (Linn.).  „  2,  7a. 

Idmonea  serpens  (Linn.).  „  4,  7a,  8. 

Diastopora  patina,  Lam.  „  2,  7,  7a. 

„         obelia,  Flem.  „  7. 

Stomatopora  sp.  „  7. 

CEUSTACEA. 

CiRRIPEDIA. 

Scalpellum  vulgaris,  Leach.  Station  4. 

COPEPODA. 

Caligus  rapax,  M.  Edws.,  with  TJdon- 
ella  cdligorunfi  attached.  From 
a  cod. 

Amphipoda. 

Gammaropsis  erythrophthaimvsJAUje' 

borg.  Stations  2,  7,  8. 
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Cempus  diffoTTnds,  M.  Edwa.,  ^  and  ?. 

Stations  7- 

Podocei-us  minutus,  G.  0.  Sara,  S  ?. 

This  species  liaa  not  been  pre- 

viously    recorded     as     British. 

Shetland    specimens,    however. 

exist  in  Dr  Norman's  collection 

(under  a  MS.  name)  found  by 

him  in  1868. 

„       8. 

Proto   ventricosa  (Mull.),  P.  pedafa. 

Leach,  P.  goodsiri.  Bate. 

„       1. 

Amphitliopsia  latipes,  Bars. 

„        8. 

Calliopius    osnani,   var.  fingalH,   B. 

andW. 

..        8. 

Pherusa  fudcola,  Leach. 

,,       2, 

Ucu^is  (Krdyer). 

.,       8. 

Stenothoe  polk^ana  (Bate). 

..       8. 

monoculoides  (Mont.),  $. 

„       8. 

Microprotopus  maculatws,  Norman. 

„       8. 

Microdcukropui  anomalm  (Eathke),  9, 

„       8. 

ISOPODA. 

drolatut  spinipes.  Bate  and  Westw. 

Station  2. 

Astacilla  lonyicornis.  Sow. 

„        8. 

Janira  maculosa-,  Leach. 

„        7. 

Decapoda. 

Hippolyie  pusiola,  Kroyer. 

Stations  G. 

Nephrons  norvegiciis,  Linn. 

.,        1- 

Galathea  intermedia,  Lilljeborg. 

„       G. 

„       dispersa,  Bata 

,.       7. 

E%ipagv,ru8    puhescens    (Kroyer),    in 

Purpura  lapillus. 

„       G. 

Porcdlana  longicornis,  Penn,,  white 

var. 

6. 

Hyas  coardabis.  Leach. 

2, 

Portunus  tuherculatus,  Roux,  from  a 

cod's  stomach. 

,,       5. 
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TUNICATA. 
Ascidia  virginea,  O.  F.  Miill.  Station  6. 


POEIFEEA. 

Isodictya  infundihuliformis  (Linn.).       Stations  7. 
Phakellia    ventildbrum    (Linn.)  ?    a 

single  specimen.  „       1. 

Tethea     cranium     (Miill.),    several 

specimens. 
Dictyocylivdrus  hispidvs  (Mont.). 

VEKMES. 

Aphrodite  aculeata,  Linn. 
Lepichnotus  squamatvs,  Linn. 
Filigran/i  implexa,  Berk. 
Pectinaria  sp.  (tube). 
Lanice  conchUega,  Pallas. 
Serpida  vermictUaris,  Linn. 
Spirorhis  ludduSy  Mont,  on  Hydroids. 
Nbthria    conchylega,    Sars,     several 

specimens.  „       1, 8. 

PYCNOGONIDA. 

Nymphon  hrevirostre,  Hodge.  Stations  2. 


» 

2,  7,  7a. 

» 

2. 

stations  8. 

» 

5. 

» 

7,7a. 

>} 

8. 

if 

2. 

>» 

2,  7,  7a. 

» 

4,  6,  7. 

Pycnogonum  littorate,  Strom. 

MOLLUSCA. 
Brachiopoda. 

Terebratula  caput-serpentis,  Linn.,  one 
living  specimen  and  small  valves. 

Crania  anomala,  MiilL,  several  speci- 
mens on  a  stone. 

Lamellibranchiata. 

Anomia  ephippium,  Linn.,  var. 
squamula. 


)> 


7,7a. 


Station  5. 


..       7. 


Stations  2,  7,  7a,  8. 
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FroceedinifB  of  the  RoyaJ,  Phyakal  Sodety. 

Pecien  opercularis,  Linn.,  dead  valves.     Stations  2. 
tigriniis,  Mull,,  dead  valves.  „       5. 

striatus,    Miill.,    two     living 


similis,  Laskey,  a  single  valve. 
maximus,  Linn.,  a  living  speci- 

men, 
Idma    siibauricnlaia,    Mont.,    single 

valves. 
MytHus      phaseolintis,    Phil.,    single 

valves. 
Crenella     deciisaata,    Mont.,    single 

valves. 
MorUacida  substriaia  (Mont.),  living 

on  Spalani/m  piirptireus. 
Imdna  horealis,  Linn.,  a  single  valve. 
Aslarie  sulcata  (Da  Costa),  fragments. 
Scrobimlaria      prisvi,atica,      Mont., 

a  single  valve. 
Mya  tnmcaia,  Una.,  a  single  valve. 
Saxieava   ruyosa,  Linn.,  var.  circlica, 

living. 


5,  7,  7a. 

7. 


SOLKNOCONCHU. 
Dcntalium  eiiialis,  Linn.,  dead  shells.      Stations  7,  7a. 

Gastropoda. 

Chiton  rubej;  Lowe.  Stations  C. 

Natica  montagui,  Forbes,  dead.  „  4. 

Purpura  lapillus,  Linn.,  dead.  „  6. 
Trophon  iarvicensis,  Johnst,  a  single 

dead  specimen,  „  4. 
Fusus  gracilis,  Da  Costa,  one  living 

specimen.  „  5. 

Nassa  inci-assata,  Mont.  „  2,  7a. 


Defra 


%  linearis,  Mont.,  dead. 
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Cephalopoda. 

From  Herring  Nets.    Todarodes  (Ommatostrephes) 

sagittatus  (Delle  Chiaje).  Station  2. 

From  Stomach  of  a  Cod.   Eledone  drrosa  (Lamk.).      -  „       2. 


Examination  of  Sea  Bottom. 

Specimens  of  the  deposits  from  thirteen  localities  have 
been  examined  and  the  Foraminifera  determined. 

Particulars  as  to  locality,  physical  conditions,  etc.,  are 
given  in  the  description  of  each  sounding,  No.  1  to  11  and 
stations  1  to  5  corresponding  to  the  headings  of  the  columns 
in  the  distribution  table. 

Station  1.  Flogger  Ijght,  W.  J  N.  25  miles.    Depth,  125 
fathoms. 
Surface  temperature,  53°'5;  bottom  temperature,  49°-3. 

A  bluish  sandy  ooze,  with  fragments  of  MoUusca  and 
Echinoderms;  Foraminifera  abundant,  both  pelagic  and  bottom 
living  species,  notably  Globigerina,  the  Arctic  variety,  G% 
pachyderma,  G,  bttUoides,  also  Discorbina  and  TruncattUina. 

Station  5.  Fair  Island,  S.  J  E.  18  miles. 

SuMBURGH  Head,  E.  by  S.  ^  S.  18  miles.    Depth, 
70  fathoms. 

A  brown  shell  sand  made  up  chiefly  of  fragments  of  Gfis- 
teropod  and  Lamellibranch  shells,  Serpulce  tubes,  Polyzoa, 
and  a  few  Otoliths  of  fish,  with  a  good  quantity  of  quartz 
sand;  the  Foraminifera  were  not  common  in  quantity  in  this 
deposit,  although  twenty-two  species  were  obtained. 

Sotmding  1.  27th  June.    Off  Noss  Head,  W.  I  S.  27  miles. 

Depth,  70  fathoms. 
Surface  temperature,  50°*2;  bottom  temperature,  49°*2. 

A  gray  sandy  mud,  containing  many  fragments  of  Gastero- 
pod,  Lamellibranch,  and  Echinoderm  shells,  with  the :  follow- 
ing types  of  Foraminifera : — Miliolina,  Textularia,  Uvigerina, 


I 


Glohifferijia,  Tnmicatuliiia,  PulvinuUiia,  and  Rotalia ;  none  of 
the  above  forms  were  common. 


?  2.  29th  June.     Skerry  Ligot,  W.  by  N,  20  milea. 
LuMBA  N"ESS,  N.W.  i  N.  18  miles.     Depth,  55 
fathoms. 
Surface  temperature,  50°;  bottom  temperature,  49'''9. 
A   yellow   shell   sand,   composed   chiefly  of  Gasteropod, 
LameUibranch,  Dentaliutn,  SerpuUx,  Polyzoa,  and  Echinoderm 
fragments,  with  quartz  graina  and  Eorarainifera,  represent- 
ing the  following  types: — Biloculina,  MUidina, Spirolocidina, 
Texiularia,Glohifferina,  Discorbina,  Trujicatulina,  Pulmnidina, 
and  Gypsina ;  Disarrhina  and  Tmncatviitia  predominating. 

Souvding  3.  Skerby  Light,  W.  J  N.  27i  milea. 

LUMBA  Ness,  N"W.  by  N.  31  miles,     Depth,  76 

fatlioms. 

Surface  temperature,  50°'2 ;  bottom  temperature,  50°, 

A  brown  c[uartz  sand  with  many  fragments  of  Gasteropod 

and  Lamcllibranch  shells,  Dcnlaliuvi  tubes,  Ostraeod  shells, 

Serpulce    tubes,    Polyzoa,   and   Echinoderm   fragments,   the 

Foraminifera  found  in  this  deposit  was  similar  to  those  taken 

in  Sounding  No.  2,  but  in  greater  quantities  and  variety 

among  the  bottom  living  forms. 

Sounding  4.  lat  July.     Flogee  Light,  W.  f  N.  29  miles. 
Depth,  100  fathoms. 
Surface  temperature,  53°'4;  bottom  temperature,  49°-3. 
A  greenish  ooze  composed  chiefly  of  pelagic  and  bottom- 
living   Foraminifera,   the  most    conspicuous    genera    being 
Glohigerina,  Nonwnina,  Cassidulina,  and  Lagena ;  the  Glohi- 
gerina  were  mostly  of  small  Arctic  variety  G.  paehyderma. 

Sounding  5.  3d  July.     OssA  Skerry,  S.W.  by  S.  J  S.  7  miles. 

Una  Bass,  E.S.K,  5  miles.    Depth,  56  fathoms. 

Surface  temperature,  54°;  bottom  temperature,  48°-6. 

A  fine  shell  sand,  chiefly  composed  of  very  small  shell 
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fragments  with  a  few  quartz,  the  same  genera  as  in  Sounding 
No.  4. 

Sounding  6.  5th  July.    Ve  Skerry,  E.  by  N.  12  miles. 

FouLA  Island,  S.  J  W.  7  miles.    Depth,  73 
fathoms. 
Surface  temperature,  52°-3;  bottom  temperature,  51°*8. 

A  shell  sand  chiefly  composed  of  fragments  of  Gasteropod 
and  LameUibranch  shells  with  Ostracod,  Serpulce,  Polyzoa, 
and  Echinoderm  fragments  with  a  few  quartz  grains.  The 
most  conspicuous  Foraminifera  in  this  deposit  were  Globi- 
gerina  (Arctic  species),  Discorhina^  and  Truncatulina, 

Sounding  7.  6th  July.    Foula  Island,  N.W.  9  miles.   Depth, 

68  fathoms. 
Surface  temperature,  52°'2;  bottom  temperature,  bVl, 
A  yellow  shell  sand  from  which  only  four  genera  of 
Foraminifera  were  taken,  the  most  conspicuous  being  Tex- 
ttUaria, 

Sounding  8.  7th  July.   Lat.  59°  36' N.,  Long.  2°  4' W.    Depth, 

70  fathoms. 

A  quartz  sand  with  a  few  shell  fragments  from  which 
Foraminifera  representing  seven  genera  were  taken.  Trim- 
catulina  and  Discorbina  predominating. 

Sounding  9.  8th  July.     Sumburgh  Head,  E.  f  S.  7J  miles. 

Fair  Island,  S.W.  I  S.  15  miles.    Depth,  58 
fathoms. 

A  yellow  shelly  sand  from  which  Foraminifera  of  five 
genera  only  were  taken  all  of  the  bottom-living  species. 

Sounding  10.  9th  July.    Fair  Island,  S.  f  E.  14  miles. 

Sumburgh  Head,  E.  by  S.  12  miles.    Depth, 
62  fathoms. 

This  deposit  was  similar  in  every  respect  to  Sounding 
No.  a 


I 
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Frae«6ai,ngs  ^ 

'  11,  and  wasliing  from  awabs.  Lat.  58°  45'  N., 
Long.  0°  55'  0"  E.  Depth,  93  fathoms. 
A  blue  sandy  mud,  with  a  few  Gasteropod,  Lamellibranch, 
and  Ostracod  shells,  alao  many  Ecbinoderm  fragments.  This 
deposit  was  exceedingly  rich  in  Foraminifera,  especially  in 
the  arenaceous  type,  notably  Aslrarldza  areitaria,  Hapiophrag- 
mimn,  and  Heophax. 
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„         deipressa,  d'Orb.,   . 
„         tlongtOa,  d'Ocb.,  . 
MiliolAm  eeminulim  (Linai). 
„        trigiraula  (Lamii.}, 
„       iiJorais,  W.  aodO., 
,,       gmciHa  {-I'Orb.),     , 
„       eCrciilaris,  BorcBiu., 

Aetrorhiza  IMcolk,  Sandl,,  '. 
„         ai-enaria,  Nonnan. 
Ehabdamwina  co-mufa,  Brady, 
Jaeuiella  iKula,  Brady, 
Hypcrammina  elongata,  Brady, 
Maisipella  elungata,  Norman, 

: 

, 

: 

, 

Haplo^hmgmivm  cavarienses ) 
(d'0rl3.).   i 
„       (cjiKinuirffo,  Brady 
Amnuxlixm  ituxrtus,  d'Orb., 
fToiSiM  davata,  P.  md  G,, , 
TextulariaaagiUiila.  Befr,,   . 
amw  (d'Orh.).     , 
terris  (d'Orb,),     . 
„         fraeftiis  (d'Orb.),  . 
B-uHmiva  margimla,  d'Orb., 
„        pyrtila,  d'Ocb.,     . 
„         acukata,  d'Orb.,    . 
BolMiM  leyricM,  var.   aMa  \ 

,,        pumiata,  d'Orb,,  ', 

JireUjala,  d'Orb., 

„      SKie»in(W.  andC),  . 
,,       oriignyaiia,  Scg., 
„       driaUt  (i'Oth.), 
J-Olpiurrphiiia  lad^t  (W.  and  J. ) 
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III 

2 

i 
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1 

PallfllwrjAimi  sibbit,  fiatulose  j 

form.  d'Orb.,  ( 

garoria,  Eeass., 

Uvigerina  anguloaa.  Will.,    . 
OMigi,n«a'bulloidts.  d'Orb., 

;;    ^TS^-' 

{Orbvlina)     uiU-  i 
WTM,  d'Orb.,   .  i 

vilardeboanaii'dih. 

PlaitorbuUna  nudilerraMiisisI 

d'Orb. 

amlG.),      . 
r«/u;aou(Moiltf. 

(d'Orb.), 

fffcSanJT  (d'Orb.},   . 

SotaliabtccaTiiihuax.),        . 

„         tnrgida  (Will.),      . 
„        jrfrfZiftra,  d'Orb.,  . 

; 

I 

• 

; 

• 

• 

• 

• 

- 

The  following  notes  refer  to  species  mentioned  in  the 
accompanying  table,  which  present  points  of  interest : — 

Spiroloculina  limbata. — Only  one  perfect  apecimen  was 
found  in  Sounding  No.  4,  and  a  few  fragmentary  specimens 
in  Soundings  Nos.  2  and  3.  So  far  as  I  am  aware,  it  has 
never  been  found  in  this  locality  before. 

Astrorkiza  arenaria. — This  interesting  arenaceous  Rhizopod 
was  taken  in  considerable  numbers,  chiefly  in  a  fragmentary 
state,  in  the  deposit  obtained  from  Sounding  No.  11,  and 
attached  to  swabs.  It  has  never  before  been  taken  in  this 
locality,  or  in  such  shallow  water.  Its  nearest  known 
habitat  to  the  Scottish  coa^t  is  the  Faroe  Channel,  where  it 
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was  taken  by  the  naturalists  on  board  the  "  Knight  Errant " 
in  530  to  650  fathoms. 

Textidaria  turris,  d'Orb. — Several  dead  specimens  of  this 
species  were  obtaiaed  in  Soundings  Nos.  2,  3,  and  6,  new  to 
this  locality. 

Bolivina  beyrichi,  vax.  alata,  Seg. — Several  dead  specimens 
were  obtained  from  the  material  got  from  Station  No.  4  and 
Sounding  No.  4,  new  to  British  waters. 

Polymorphina  ekgantissima,  P.  and  G. — One  specimen  was 
found  in  the  material  from  Station  No,  5.  This  interesting 
species,  according  to  Mr  H.  B.  Brady,  is  confined  to  the  Pacific 
Ocean;  it  is  therefore  worthy  of  note  to  have  found  an 
isolated  specimen  so  far  from  its  natural  haunts. 

Gldbigerina  bulloides  was  taken  by  the  surface  nets  often 
outside  the  Diatomaceous  zones,  covered  with  their  delicate 
spines. 

Discorbina  orbicidaris  and  D.  globida/ris  are  also  of  interest, 
being  found  off  the  Shetland  Islands. 

The  principal  object  of  my  accompanying  the  "  Energy " 
was  to  investigate  the  habits  and  food  of  the  herring,  and 
whatever  additional  information  I  have  obtained  on  this  sub- 
ject will  present  itself  in  the  foregoing  pages.  The  time 
was  so  short,  and  the  difficulties  with  which  I  had  to  contend 
were  such  as  to  limit  the  information  obtained.  The  most 
important  point  brought  out  by  my  cruise  in  the  "  Energy  " 
is  the  necessity  for  continuous  ol>servations  of  a  similar  kind, 
but  under  better  conditions.  It  seems  to  me  that  extremely 
valuable  results  would  be  obtained  if  a  steam  vessel,  capable 
of  remaining  at  sea  for  a  few  days  at  a  time,  were  available 
for  a  purely  scientific  research  on  the  natural  history  of  the 
herring  and  other  food  fishes,  which  should  visit  all  the 
principal  fishing  centres  of  Scotland,  One  season  might  be 
spent  on  the  east  coast,  another  on  the  ivest,  and  so  on  for  a 
few  seasons ;  and  in  this  way  much,  if  not  all,  the  information 
so  much  sought  for  could  be  safely  collected. 

Special  attention  should  be  drawn  to  the  following  points  :— 
(1.)  The  direction  in  which  the  herring  are  swimming  when 
caught, — which  is  easily  ascertained  by  finding  the  exact  posi- 
tion in  which  the  nets  are  lying ;   (2.)  Collecting  the  \ 
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^TiJTnalfl ;  (3.)  Sounding  and  dredging ;  and  (4.)  the  tempera- 
ture of  the  water  at  intermediate  depths  from  the  surface 
downwards,  all  being  carefully  noted  at  each  station.  If  this 
be  carried  out,  there  is  no  doubt  that  many  more  spawning- 
grounds  and  favourite  haunts  of  the  herring  will  be  found. 
Finally,  I  here  wish  to  express  my  indebtedness  to  Mr  Murray 
for  granting  me  leave  to  accompany  the  "Energy;"  to  Dr 
J.  R  Henderson,  who  gave  me  great  assistance  in  identifying 
many  of  the  animals  obtained;  the  Rev.  Dr  A.  M.  Norman, 
Dr  Francis  Day,  Mr  J.  T.  Cunningham,  Dr  James  Rae,  RK, 
and  Mr  W.  H.  Shrubsole,  for  the  ready  help  these  gentlemen 
have  given  me ;  also  the  Managers  of  the  Scottish  Sea  Fish- 
ing and  Curing  Company  (Limited),  and  to  Captain  J.  TuUoch 
and  crew  of  the  "  Energy,"  who  were  always  ready  to  give  me 
every  assistance  in  their  power. 


XXXIII.  On  some  New  or  Little-Knovm  Fossil  Lyeopods  from 
(he  CarhoniferoVfS  Formation,  By  Robert  Kidston, 
Esq.,  F.G.S.     [Plate  XXL] 

(Read  18th  March  1885.) 

The  following  notes  are  offered  as  a  small  contribution  to 
our  knowledge  of  the  Carboniferous  flora  of  Britain.  Several 
of  the  specimens  now  about  to  be  described  have  been  known 
to  me  for  a  considerable  length  of  time,  but  various  causes 
have  contributed  to  delay  their  publication. 

1.  Sigillaria  McMurtriei,  Kidston,  n.  sp. 

2.  Sigillaria  coriacea,  Kidston,  n.  sp. 

3.  Sigillaria  Walchii,  Sauveur. 

4.  Lepidodendron  Peachii,  Kidston,  n.  sp. 

1.  Sigillaria  McMurtriei,  Kidston,  n.  sp.  (PI.  XXL,  Figs.  3-5). 

Description. — Leaf-cushion  rhomboidal,  with  the  upper  and 
lower  angles  truncated,  giving  it  a  hexagonal  appearance, 
elevated;  fiK)m  the  leaf-scar  downwards  runs  a  flattened  area, 
which  bears  a  slightly  raised  medial  line;   surface  of  the 
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cushioii  ornamented  with  fine  granulations  placed  in  irregular 
lines  and  more  prominent  on  the  lower  part  of  the  cualiion. 
Leaf-scar  situated  on  the  upward-directed  elevated  summit  of 
the  cushion,  elongated,  rhoniboidal;  lateral  angles  prominent 
and  prodiiced,  the  lower  angle  rounded,  the  upper  rounded, 
with  a  slight  sinus.  Vascular  cicatriculea  three,  the  two 
lateral  oval  and  directed  outwards,  the  central  transversely 
linear  and  placed  below  the  centre  of  the  lateral  cicatricules, 
Semarlcs. — This  species  of  Sigillana  in  some  of  its  char- 
acters has  a  superficial  resemblance  to  both  Lcjndodendron 
and  LepidopMoios. 

Figures  3  and  5  have  very  much  the  appearance  as  if  the 
leaf-scar  were  surrounded  by  a  "Jield,"  as  in  Jjepidode-ndron; 
but  the  apparent  "field"  is  merely  a  cortical  extension, 
similar  to  the  leaf-cushions  iii  the  Clathrarian  SigillaricE;  and 
only  differing  irom  the  other  members  of  this  group  of  Sigil- 
laria  in  its  more  highly  developed  condition. 

On  the  lower  part  of  the  cushion  occurs  a  flattened  area, 
which  runs  from  the  lower  rounded  angle  of  the  leaf-acar  to 
the  base  of  the  cushion.  In  the  centre  of  this  band  is  a  very 
gently  raised  line,  from  each  side  of  which,  at  an  almost 
imperceptible  angle,  slope  the  two  sides  of  this  flattened  area. 
The  surface  of  the  cushion  is  ornamented  with  irregular 
granulations,  which  appear  to  be  roughly  arranged  in  lines 
springing  from  its  base. 

The  extent  to  which  the  cushions  are  elevated  is  shown  in 
the  vertical  sections.  Figs.  Sa,  4a,  and  5a,  which  respectively 
represent  sections  of  cushions  and  leaf-scars  from  specimens 
drawn  at  Figs.  3, 4,  and  5,  From  the  examination  of  this  part 
of  the  fossil  it  is  evident  that  we  are  dealing  with  a  cortical 
extension  similar  to  the  leaf-cushions  of  the  Clathrarian 
Sigillarice,  a.nd  not  with  the  "field"  of  a  Lepidodendroid 
leaf-scar. 

The  much-elevated  cushions  in  Sigillaria  McMuririei  have 
a  considerable  resemblance  to  those  of  Lepidophloios ;  but 
the  character  which  at  onee  proves  this  plant  to  be  a  true 
Siijillaria,  and  not  a  Lepidophloios,  is  the  form  of  the  vascular 
cicatricules.  Of  these  the  two  lateral  are  linear-oval,  the 
central  transversely  elongated  and  placed  below  the  centre  of 
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the  lateral  cicatricules.  In  some  cases  the  central  cicatricule 
appears  to  be  composed  of  two  points  placed  closely  together 
(Fig.  36).  A  form  and  arrangement  of  the  vascular  bundle 
cicatricules  such  as  that  just  described  occurs  only  in  the 
genus  Sigillaria, 

From  the  epidermal  ornamentation  of  the  cushions  it  is 
also  clear  that  the  leaf  was  not  attached  to  any  part  of  its 
surface,  but  to  the  vascular  scar  alone. 

This  last  character  is  of  itself  sufficient  to  exclude  the 
plant  from  Lepidodendron  and  restrict  its  relationship  to 
ZepidopMoios  or  SigUlaria;  but,  as  already  indicated,  the 
vascular  cicatricules  are  SigUlarian,  and  not  those  of  Zepido- 
pMoios, and,  in  fact,  there  is  here  only  a  Clathrarian  Sigillaria 
with  highly  developed  leaf-cushions. 

Of  the  three  figures  which  I  give  of  thia  plant.  Figs.  3  and 
5  must  be  regarded  as  representing  the  typical  form. 

On  all  the  specimens  the  leaf-scar  is  of  the  same  shape, 
but  the  slight  sinus  in  its  upper  margin  is  sometimes  very 
feebly  developed. 

In  Fig.  3  the  ornamentation  is  more  strongly  marked  on 
the  portion  of  the  leaf-cushion  below  the  leaf-scar  than  on 
the  part  above  it ;  in  Fig.  5  the  ornamentation  covers  more 
equally  the  whole  surface  of  the  cushion. 

In  Fig.  4,  on  the  other  hand,  the  ornamentation  is  very 
slightly  represented ;  so  little  is  it  shown  that  it  can  scarcely 
be  said  to  be  present.  Although  on  this  specimen  the  leaf- 
scars  are  larger  and  their  cushions  more  elevated  than  in 
Figs.  3  and  5  (see  Fig.  4a),  it  probably  represents  a  younger 
state  of  the  plant,  which,  when  older,  would  have  the  cushions 
more  drawn  out  as  in  Fig.  5. 

As  Figs.  3,  4,  and  5  are  drawn  of  the  natural  size,  it  is 
scarcely  necessary  to  give  the  measurements  of  the  leaf-scars 
and  their  cushions;  these  also  vary  considerably  with  the 
age  of  the  specimen.  In  all  cases  the  leaf-scar  is  broader 
than  high. 

In  the  decorticated  condition  the  surface  of  the  stem  is 
roughened  by  an  irregular  small  mesh-like  granulation, 
which  is  more  or  less  arranged  in  vertical  lines  (Fig.  5,  part 
mtirked  a). 
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The  only  species  to  which  Sit/illana  McMurtrui  has  any 
reeemhlance  is  Sigillaria  tumida,  Bunbiuy,  sp.  {Lepidoden- 
dron  ?  tumidwrn.  Quart.  Joum.  Geol.  Soc,  vol.  iii.,  p.  432,  pL 
xxiv.,  fig.  1).  From  thia  species  it  differs  ia  the  form  of 
its  leaf-CTiahions,  The  surface-ornamentation  in  Sigillaria 
tumida  also  differs  in  being  "rather  irregular,  wavy,  longitu- 
dinal strife." 

Bunbury  described  his  plant  as  Lepidodendron  ?  twnvidura, 
and  Schimper  places  it  in  Zepidophlmos ; '  but  I  believe  that 
this  plant  is  also  a  Sigillaria. 

In  his  description  Banbury  does  not  mention  the  form  of 
the  lateral  cioatriciiles,  nor  does  liia  drawing  show  it  very 
clearly;  but  he  says  the  central  cicatricule  consists  of  "  two 
vascular  points  placed  close  together  and  often  confluent." 

In  some  of  the  laif-scara  of  Sigillaria  McMurtrid  there  is 
the  same  appearance  in  the  central  vascular  cicatricule  (see 
Fig.  3&).  A  similar  structure  occurs  in  the  vascular  impres- 
sion of  Sigillaria  Lorwayana,  Dawson.^ 

In  Sigillaria" Moureti,  Zeiller,^  a  somewhat  similar  structure 
of  the  vascular  cicatricule  also  occurs. 

I  have  entered  very  fully  into  the  description  of  Sigillaria 
McMurtriei  to  show  that  it  is  a  true  member  of  the  genua 
Sigillaria;  and  from  the  great  similarity  of  Lepidodendron  ? 
twmidmn,  Bunbury,  to  Sigillaria  McMurtriei  in  all  general 
points,  I  think  there  cannot  remain  any  doubt  as  to  its  also 
being  a  Clathrarian  Sigillaria.  Bunbury  himself  expresses 
his  difficulty  in  regard  to  the  position  of  his  plant,  and  saya 
that  it  would  be  referred  by  some  to  Lepidodendron,  and  by 
others  to  Sigillaria. 

I  first  observed  this  species  in  the  collection  of  Mr  J, 
McMurtrie,  Kadstock,  after  whom  I  have  great  pleasure  in 
naming  it.  Mr  McMurtrie  has  not  only  carefully  collected 
the  fossil  plants  of  the  Eadstock  Coal-field,  but  has  done 
much  to  elucidate  the  geology  of  his  neighbourhood.     I  also 

'  Schimper,  Traite  d.  paleont.  veget.,  vol.  ii.,  p.  52. 

'Dawson,    "Fossil   Plants    of   Lower  Car'bonifcroua  and   Millatone-Grit 
Formations  of  Canada,"  p.  43  (woodcut),  1873. 
'  Zeiller,  Bull.  Soc.  G&l.  do  France,  3*  a^r.,  vol  viii.,  p.  210,  pi.  v.,  6g.  3. 
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take  this  opportunity  of  expressing  my  thanks  to  him  for 
much  valuable  assistance  received  while  examining  the  fossil 
flora  of  the  Eadstock  Coal-field. 

Horizon,  Eadstock  Series  of  the  Upper  Coal-measures. 

Locality,  Tyning  Pit,  Eadstock,  Somersetshire. 

2.  Sigillaria  coriacea,  Kidston,  n.  sp.  (PL  XXI.,  Fig.  2). 

Description, — Eibs  alternately  widening  and  contracting; 
leaf-scars  placed  on  the  dilations,  wider  than  high,  with  a 
slight  sinus  on  their  upper  margin ;  lateral  angles  prominent, 
situated  about  the  centre  of  the  scar,  with  downward-running 
ridges ;  vascular  cicatricules  placed  above  the  middle  of  the 
leaf-scar,  the  two  lateral  lunate,  the  central  punctiform. 
Outer  surface  of  the  bark  ornamented  with  a  fine  granula- 
tion. 

Remarks, — The  only  specimens  of  this  fine  Sigillaria  with 
which  I  am  acquainted  are  those  in  the  British  Museum, 
which  became  known  to  me  while  preparing  the  "  Catalogue 
of  the  Palaeozoic  Plants  "  in  that  collection.  All  the  speci- 
mens represent  a  similar  age  of  the  plant,  and  perhaps  are 
different  pieces  of  one  individual. 

The  ribs  measure  across  the  dilated  portions  22  millim.,  and 
at  the  constrictions  19  millim.  The  leaf-scars  are  16  millim. 
broad  and  12  millim.  high,  and  16  millim.  apart. 

The  whole  surface  of  the  bark  is  ornamented  with  a  fine 
granulation.  On  the  central  portion  of  the  ribs  it  is  more 
strongly  marked  and  the  granulation  slightly  larger  than  on 
the  other  portions  of  their  surface ;  but  its  presence  is  dis- 
tinctly seen  over  the  whole  area  of  the  ribs. 

The  two  lunate  vascular  impressions  are  3  millim.  long, 
and  the  central  punctiform  cicatricule  is  about  1  millim.  in 
diameter.  The  sinus  on  the  upper  margin  of  the  leaf-scar, 
though  sUght,  is  distinct. 

The  ornamentation  of  the  bark  is  of  a  somewhat  similar 
nature  to  that  which  occurs  on  Sigillaria  dicacensis,  Boulay,^ 
but  much  finer.      From  this  species  it  differs  entirely  in  the 

^  Boulay,  '*  Le  terr.  houil.  du  nord  de  la  France  et  ses  v^g^taux  fossiles," 
p.  43,  pi.  ii.,  fig.  3.  Th^se  de  g6ologie  pr^sent^e  k  la  Faculty  des  Sciences 
de  Caen :  Lille,  1876. 
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form  of  the  leaf-scar-  and  the  position  of  the  vascular  cica- 
tricules,  which  are  central  in  S.  duaccrms,  while  those  of 
Sigillaria  coriacea  are  placed  above  the  centre. 

The  Bpecimens,  unfortunately,  do  not  bear  any  note  of  the 
locality  from  which  they  were  collected ;  but  from  indirect 
evidence  there  is  every  reason  to  believe  that  they  came  from 
the  Neweastle-on-Tyne  Coalfield. 

The  figure  (PI.  XXL,  Fig.  2)  is  taken  from  a  plaster  cast  of 
an  impression  of  the  plant  in  the  British  Museum.  My 
thanks  are  due  to  Dr  H.  "Woodward,  F.E.S.,  for  permission  to 
describe  this  species. 

Horizon.  Coal-measures. 

Locality.  (?)  Newcastle-on-Tyne,  Northumberland. 

3.  Sigillana  Walckii,  Sauveut  (PI.  XXI.,  Fig.  1). 
SigUlaria   fFalchif,  Saaveur,  V%et.  foss.  d.  terr.  liouil,  de  la  Belgique, 
pi  Ivii.,  fig.  3  ; '  BoiiUj-,  Terr,  hoiiil.  Au  iiord  de  Fruuco  et  sos  viigct. 
foss.,  p.  43, 

Description. — Elba  wide,  smooth;  leaf-scars  separated  by 
a  short  interval,  subtriangular,  aa  broad  as  high,  the  upper 
angle  obtusely  rounded,  the  lateral  angles  placed  below  the 
centre,  rounded,  but  distinct,  the  lowar  inar^'in  indented  by  a 
slight  sinus ;  vascular  cicatricules  situated  above  the  centre, 
the  two  lateral  lunate,  the  central  punctiform.  On  the  ribs 
immediately  above  the  leaf-scar  is  a  slightly  bent  transverse 
furrow.  The  decorticated  stem  is  finely  striated  longitudi- 
nally. 

Remarks. — In  the  specimen  figured  on  PI.  XXI.,  Fig.  1,  the 
ribs  are  20  millim,  broad ;  the  leaf-scars,  of  pyriform  outline, 
are  10  millim.  in  height  and  the  same  in  breadth ;  they  stand 
about  4  millim,  apart.  The  slightly  lunate  transverse  furrow 
which  surmounts  them  is  about  10  millim.  long.  The  outer 
surface  of  the  bark  is  quite  smooth. 

The  elevation  of  the  ribs  is  shown  at  Fig.  16.    They  are 
flat,  but,  from  the  perfection  with  which  the  leaf-sears  are  - 
preserved,  I  am  inclined  to  think  that  the  fossil  has  suffered 
little  from  t 


1 


1  Academie  royalo  des  sciences,  des  lottres  ct  dea  beaiix-iirts  lie  lielgir^iie, 
1843, 
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This  example  agrees  in  all  respects  with  the  figure  given  by 
Sauveur  (without  description),  and  that  described  by  Boulay, 
except  that  neither  of  these  authors  notes  the  occurrence  of 
the  transverse  furrow  above  the  leaf-scar ;  but  the  specimens 
examined  by  these  writers  do  not  appear  to  have  been  very 
well  preserved. 

Boulay  mentions,  in  his  description,  that  in  his  fossil  the 
cicatricules  were  badly  preserved ;  and  from  the  slight  hazi- 
ness which  pervades  Sauveur's  figure,  one  is  also  led  to  con- 
clude that  neither  was  it  in  a  very  good  state  of  preservation. 

The  ribs  on  the  Scotch  specimen  are  broader  in  proportion 
to  the  size  of  the  leaf-scars  than  in  the  foreign  examples ;  but 
this  character  is  evidently  dependent  on  the  age  of  the  plant. 

I  have  observed  in  specimens  of  Sigillaria  Icevigata, 
Brongniart,  that,  though  the  ribs  with  age  increase  much 
in  width,  the  leaf-scars  undergo  little  or  no  enlargement; 
hence  the  relative  size  of  the  leaf-sear  to  the  width  of  the 
rib  appears  to  be  of  very  little  specific  value.  The  distance 
of  the  leaf-scars  apart  is  also  subject  to  much  variation,  even 
on  the  same  specimen. 

Sigillaria  Walchii  appears  to  be  rare  in  Britain.  The 
only  example  I  have  as  yet  seen  was  communicated  to  me 
for  examination  by  Mr  J.  Smith,  Kilwinning,  to  whose 
courtesy  I  am  indebted  for  the  addition  of  this  species  to 
our  Carboniferous  fossil  flora. 

Horizon,  Coal-measures;  roof  of  turf-coal. 

Locality.  Kilwinning,  Ayrshire. 

4.  Lepidodendron  Feachii,  Kidston,  n.  sp.  (PL  XXI.,  Fig.  6). 

Description, — Leaf-scars  rhomboidal,  the  boundary  lines  of 
the  upper  part  of  the  leaf-scar  convex,  those  of  the  lower  part 
concave,  lateral  angles  prominent.  Vasculw  impression 
slightly  above  the  middle,  rhomboidal,  transversely  elongated; 
from  its  lateral  angles  extends  a  raised  line  to  the  centre  of 
the  lateral  angles  of  the  leaf-scar,  dividing  the  *'  field "  into 
an  upper  and  a  lower  portion.  The  upper  part  of  the  leaf-scar 
is  slightly  more  elevated  than  the  lower  portion,  which  causes 
it  to  rise  above  the  vascular  impression  in  a  hood-like  manner. 
Vascular-bundle  cicatricules  three,  punctiform. 


Remarks. — The  figure  showa  on  each  side  of  the  main  stem 
the  remains  of  a  small  branch ;  these  are  ao  much  naiTower 
than  the  stem  which  bears  them  that  they  give  the  fossil 
an  appearance  as  if  it  possessed  a  lateral  ramification,  but 
these  small  branches  are  evidently  the  result  of  an  unequally 
developed  dichotomy.  On  a  specimen  of  this  plant  from 
Newsham  the  same  characteristic  is  exhibited. 

On  none  of  the  few  examples  of  Lepidodendron  Feachii 
which  I  have  seen,  ore  the  two  little  oval  depressions  shown, 
which  in  well-preserved  Lepidodendroid  leaf-scara  are  usually 
exhibited,  one  on  each  side  of  the  median  line  immediately 
below  the  vascular  impression ;  but  their  absence  may  be  due 
to  imperfect  preservation, 

Lepidodmdron  Peachii  has  a  slight  resemblance  to  Lspido- 
dendron  Rhodmmim,  Sternberg ;  but  in  Zepidodendron  Peachii 
the  lateral  angles  are  more  prominent  and  the  upper  extremity 
of  the  scar  much  more  rounded.  The  vascular  impression  is 
also  more  central  and  its  angle  a  more  prominent. 

The  point,  however,  which  at  once  separates  this  species 
from  LepidodeTidroii  Mkodeamim  is  the  elevation  of  the  upper 
portion  of  the  leaf-scar.  Thig  is  seen  in  profile  at  Fig.  Hb. 
This  peculiar  inflation  imparts  to  the  leaf-scar  a  character- 
istic appearance,  which  at  once  distinguishes  Lepidodendron 
Feachii  from  any  other  species  of  Lepidodendron  with  which 
I  am  acquainted. 

Lepidodendron  'Peachii  is  also  related  to  Lepidodendron 
minutum,  Sauveur,^  and  Lepidodendron  Andrewsii,  Lea- 
quereux,^ 

The  figure  given  by  Sauveur  of  his  Lepidodendron  mhm- 
tum  shows  a  fragment  of  a  stem  rather  less  than  2  inches 
long  and  about  three  quarters  of  an  inch  wide.  The  leaf- 
scars  are  about  4  millim.  long  and  of  about  the  same  width ; 
in  outline  some  of  them  are  hexagonal,  especially  towards 
the  lower  part  of  the  figure.  Notwithstanding,  however,  the 
general  similarity  of  Lepidodendron  minutum  to  Lepidoden- 
dron Peachii,  without  further  evidence  than  that  afforded  by 

'Sauveur,   "V^gi!tanx  fossiles  d,  terr.   houil.  do   la  lielgique,"  pi.  lui., 
fig.  3  (1848). 
'  Lesquercni,  "Coal  Flora  of  Pennsyl. , "  p.  SSB,  pi,  hiv.,  fig.  6  (1880). 
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Sauveur's  figure,  which  is  unaccompanied  by  a  description, 
it  is  quite  impossible  to  identify  the  Scotch  specimen  as  his 
plant. 

Another  example  of  Lepidodendron  Peachii  from  Newsham, 
Northumberland,  showing  a  younger  branch  on  which  the 
leaf-scars  are  smaller  than  on  the  Falkirk  specimen,  has  also 
a  like  similarity  with  Lepidodendron  minutum,  but  the  objec- 
tions mentioned  in  regard  to  the  identification  of  the  Falkirk 
fossil  with  Sauveur's  species  also  apply  to  this. 

The  type  of  Lepidodendron  Andrewsii  is  also  fragmentary, 
and  scarcely  affords  sufficient  characters  for  a  satisfactory 
comparison.  Lesquereux  says  of  his  species,  that  "  it  is  of 
the  type  of  Lepidodendron  Volkmannianum"  to  which  group 
Lepidodendron  Peachii  can  scarcely  be  said  to  belong. 

The  specimen  which  forms  the  type  of  this  species  was 
collected  in  1870  by  Mr  C.  W.  Peach,  who  some  time  ago 
submitted  it  to  me  for  examination;  but  owing  to  the 
-difficulty  in  identifying  specimens  of  Lepidodendron  with 
many  of  the  described  species  without  the  opportunity  of 
examining  the  types,  it  has  been  allowed  to  remain  over  till 
the  present  time.  I  have  great  pleasure  in  naming  this 
plant  after  its  discoverer,  to  whom  I  owe  so  deep  a  debt  of 
gratitude  for  willing  assistance  given  me  in  my  study  of  the 
British  PalcTeozoic  fossil  flora. 

Horizon  and  Localities.  Scotland :  Coal-measures ;  Brick- 
works, Falkirk,  Stirlingshire.  England:  Middle  Coal- 
measures  (low-main  seam);  Newsham,  Newcastle-on-Tyne, 
Northumberland. 

Explanation  of  Plate. 

Fig,  1.  Sigillaria  Walchii,  Sauveur.  From  the  roof  of  the  turf-coal, 
Kilwinning  (nat  size),  la.  Leaf-scar,  enlarged  IJ  diameters,  lb.  Section 
of  specimen,  showing  elevation  of  ribs.  Original  in  the  possession  of 
Mr  J.  Smith,  Kilwinning. 

Mg,  2.  Sigillaria  coriaceaf  Kidston,  n.  sp.  From  (?)  Newcastle-on-Tyue. 
Figure  taken  from  plaster  cast  of  specimen  in  the  collection  of  the  British 
Museum.     (Nat.  size.) 

Figs.  3-5.  Sigillaria  McMurtriei,  Kidston,  n.  sp.  From  Tyning  Pit, 
Radstock,  Somersetshire  (nat.  size).  3.  Figure  taken  from  plaster  cast 
of  impression  in  the  author's  collection.    Communicated  by  Mr  J.  McMurtrie, 


Riidstoclc.  Sa.  Vertical  section  of  one  of  the  cushions  (n  indicates  poaition 
of  Iflaf-scar,  b  its  supporting  cushion).  3b.  Leaf-eoar,  enlarged  IJ  diameters, 
to  nhow  the  Tascular  cicatricnlea,  the  central  of  which  is  composed  of 
two  confluent  dots,  i.  Figure  from  plaster  cast  of  an  impresaiou  in  the 
colloction  of  Mr  MoMurtrie.  ia.  Vertical  section  of  one  of  the  cushioue. 
G.  Four  cushions  with  their  associated  leaf'scars,  from  a  apecimen  in  the 
author's  collectEou.  Commanicated  hj  Mr  J.  MoMnrtrie.  The  part  matVed 
a  shows  the  decorticated  condition.  5a,  Vertical  section  of  one  of  the 
cushions. 

fig.  6.  Lfpidodnuirtin.  PeiaMi,  Kidston,  n.  Bp.  From  the  Brickvrorks, 
Falkirk,  Stirlingshire  fnat  ai/e).  Original  iu  the  collection  of  Mr  C.  W. 
Peacb.  6a.  Leaf-scar,  enlarged  2  iliameterx.  Ob.  Lcdf-scar,  shown  iu  proGle, 
enlarged  2  diameters. 


XXXrV.  Note  on  the  Paired  Dorsal  Vessel  of  C&rtain  Earth- 
worms. By  F.  E.  Eeddard,  Esq.,  M.A.,  F.Z.S.,  Prosector 
to  the  Zoological  Society  of  London.     [Plate  XXIL] 

(Eesd  20th  May  1835.} 

In  studying  the  anatomy  of  several  new  forma  of  eartli- 
worms  that  I  have  lately  received  from  New  Zealand  by  the 
kindness  of  Professor  T.  J.  Parker,  I  noted  the  fact  that  in  cer- 
tain of  them  the  dorsal  trunk  of  the  vascular  system  is  repre- 
sented by  two  trunks,  more  or  less  completely  separate  from 
each  other.  This  fact  is  of  some  interest,  because  it  is  known 
that  the  single  dorsal  vessel  of  Lumbricus  is  represented  in 
the  embryo  by  two  rudiments,  wliich  only  subseqtiently 
coalesce.  This  fact  we  owe  to  the  researches  of  Kovalevsky ;  ^ 
Vejdovsky  has  more  recently  extended  the  discovery  to 
Criodrilus,  and  has  published  a  brief  account  of  his  observa- 
tions in  a  preliminary  note  addressed  to  the  Bohemian 
Academy .2  The  two  rudiments  of  what  is  subsequently  to 
become  the  unpaired  dorsal  vessel  of  the  adult  Criodrilus  are 
situated  above,  and  rather  to  the  side  of,  the  intestine ;  their 
position  in  fact  would  appear  to  cori'espond  very  closely  to 
the  lateral  vessels,  or  intestino-tegumeutary  trunks  as  Perrier 
has  termed  them,  which  are  found  in  Lumhricus  and  in  many 
other  genera  of  earthworms,  but  do  not  seem  to  be  repre- 

1  Mem.  d,  I'Acad.  de  St  Petersb.  1871.  -  S.  15.  Bdhiu.  Acad.  1S70. 
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sented  in  the  Oligochceta  limicola  ;  in  later  stages  of  develop- 
ment these  two  rudiments  get  nearer  together,  and  finally 
coalesce  on  the  dorsal  median  line  of  the  intestine.  Vejdovsky 
has  pointed  out  in  this  paper  that  the  developmental  history 
of  the  dorsal  vessel  in  Criodrilus  seems  to  have  some  signi- 
ficance, because  it  is  known  that  the  dorsal  vessel  of  Hermella 
is  persistently  double.  The  anatomy  of  this  worm,  especially 
the  circulation,  has  been  described  by  De  Quatrefages^  in  a 
beautifully  illustrated  memoir ;  the  dorsal  vessels — together 
homologous  with  the  unpaired  vessel  of  other  genera — retain 
their  distinctness  throughout  the  greater  part  of  the  body, 
though  connected  here  and  there  by  transverse  vessels ;  at 
the  junction  of  the  oesophagus  with  the  crop  the  two  trunks 
unite  and  form  a  single  vessel,  which  runs  along  the 
oesophagus  to  the  anterior  end  of  the  body.  De  Quatrefages' 
figures  are  repeated  in  the  illustrated  edition  of  Cuvier's 
"  Regno  Animale,"  which  contains  figures  of  the  circulatory 
system  of  other  Polychaetous  Annelids ;  in  several  of  these  the 
dorsal  vessel  resembles  that  of  Hermella  in  being  double ;  in 
Terehdla  conchUega  (PL  Ic,  Fig.  1)  the  two  dorsal  trunks  lie 
quite  at  the  sides  of  the  intestine  as  they  do  in  Hermella, 
but  unite  to  form  a  single  vessel  at  the  junction  of  the 
cesophagus  with  the  intestine ;  in  Eunice  sanguinea  (PI.  la, 
:Fig.  2)  the  dorsal  vessel  is  double,  but  differs  in  that  the  two 
trunks  are  placed  close  together,  apparently  almost  in  contact, 
on  the  dorsal  side  of  the  intestine ;  on  the  oesophagus  the  vessel 
is  single.  Dr  Macintosh,  in  his  elaborate  memoir  on  the 
structure  of  Ma^elona^  and  also  in  a  special  notice  of  the 
vascular  system  of  the  same  Annelid  published  in  a  recent 
volume  of  the  Journal  of  Anatomy,^  has  described  a  dorsal 
vessel  which  is  formed  of  two  distinct  and  separate  tubes 
placed  close  together  as  in  Eunice,  only  divided  by  a  narrow 
septum :  in  the  anterior  part  of  the  body,  as  in  all  the  other 
genera  referred  to,  the  two  trunks  unite.  In  the  cases  just 
mentioned,  it  is  interesting  to  note  that  in  the  "  Sedentary  " 
Annelids,  the  two  dorsal  vessels  resemble  the  two  nerve 

^  Ann.  Sci.  Nat.,  scr.  3,  t.  x.,  pi.  ii.,  fig.  1. 
*  Zeitsclir.  f.  wiss.  Zool.,  Bd.  xxxi. 
»  Vol.  xiv. 
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trunks  in  being  widely  separated ;  in  Hunice  and  Magelona 
the  two  halves  of  the  nerve  cord  as  well  aa  the  two  dorsal 
vessels  are  close  together. 

The  fact  of  the  development  of  the  dorsal  vessel  of  Cria- 
drilus  and  Litmbrietis  from  two  tubes  gains  additional  signi- 
ficance from  a  comparison  with  other  groups  of  the  animal 
kingdom.  Clans  has  recorded  that  the  heart  of  Apiis  arises 
from  two  lateral  rudiments;  and  in  Geophilus  MetchnikoH'^ 
has  stated  that  the  heart  originates  in  a  similar  fashion;  there 
can  be  but  httle  doubt  that  the  heart  in  the  Ai'thrapoda, 
together  with  its  anterior  and  posterior  aorta,  is  equivalent 
to  the  dorsal  trunk  of  the  vascular  system  of  worms.  With- 
out giving  a  complete  hst  of  those  Arthropoda  in  which  the 
heart  has  a  similar  origin,  it  is  worth  while  to  refer  to  an 
account  by  Dv  Jaworovsky^  of  the  development  of  the  heart 
in  Chironomus ;  in  this  insect  the  heart  appears  to  arise  from 
two  separate  rudiments,  which  finally  coalesce,  but  retain  a 
remarkable  physiological  independence,  the  one  from  the 
otheij  which  expresses  the  morphological  distinctness  of  the 
two  sides  of  the  heart ;  the  contraction  of  the  heart  has  been 
shown  by  Jaworovsky  to  be  carried  out  independently  of 
each  other  by  each  of  its  two  sides,  so  that  although  the 
organ  is  in  the  adult  only  a  single  cavity,  it  bears  unmis- 
takable traces  of  having  originated  from  a  paired  vessel; 
such  a  physiological  demonstration  of  a  morphological  fact 
is  of  the  highest  interest.  If  the  old  idea  of  Geoffrey  St 
Hilaire  that  the  "  ventral "  surface  of  an  Annelid  is  homo- 
logous with  the  "dorsal"  surface  of  a  vertebrate,  be  confirmed 
by  future  researches — and  there  is  at  present  evidently  a  great 
deal  to  be  said  in  favour  of  this  view — then  there  is  at  least 
some  reason  for  supposing  that  tbe  heart  of  the  vertebrate 
has  been  developed  out  of  the  dorsal  vessel  of  its  Annelid 
ancestor ;  in  any  case  the  relation  of  both  to  the  intestine 
would  be  the  same,  and  the  transverse  trunks  which  connect 
the  dorsal  with  the  ventral  blood  vessel  in  an  Annelid  have 
an  obvious  resemblance  to  the  aortic  arches  of  a  vertebrate ; 
moreover,  we  know  that  the  earliest  rudiment  of  the  heart 

'  Zoitsulir.  f.  wiss.  Zool.,  Bd.  xxy.,  p.  318. 

'  S.  B.  Akad.  Wias.  Wicii.,  Bd.  80,  Abth.  i.,  1830,  \:  238. 
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in  mammals,  birds,  and  Teleosteans  is  paired,  and  there  is 
therefore  a  further  similarity  with  the  dorsal  vessel  of  Zumr- 
bricus.  Balfour,  however,  in  his  "  Comparative  Embryology,"  is 
disinclined  to  admit  that  the  origin  of  the  vertebrate  heart 
as  a  double  tube  has  any  phylogenetic  significance ;  he  gives 
reasons  for  believing  "  that  the  formation  of  the  heart  as  two 
cavities  is  a  secondary  mode  of  development,  which  has  been 
brought  about  by  variations  in  the  period  of  the  closing  in 
of  the  wall  of  the  throat."  Quite  recently  this  statement  of 
opinion  has  been  controverted  by  Schimkewitzsch,^  who 
declares  that  the  origin  of  the  vertebrate  heart  from  two 
rudiments  w  a  primitive  mode  of  development. 

I  am  unacquainted  with  any  instance  of  a  double  dorsal 
vessel  in  the  Oligochceta  limicola,  but  it  is  characteristic  of 
many  earthworms.  Two  years  ago  I  described  in  the  Tran- 
sa^itions  *  of  the  Royal  Society  of  Edinburgh  the  anatomy  of  an 
earthworm  which  at  that  time  was  believed  to  be  a  new  genus, 
but  which  has  since  turned  out  to  be  identical  with  Temple- 
ton's  Megascolex  ccervleus  ;  ^  in  that  earthworm  the  dorsal  vessel 
has  retained  to  a  certain  extent  the  embryonic  character ; 
instead  of  being  a  single  tube  passing  from  end  to  end  of  the 
body  as  in  iMwibricus,  the  anterior  portion  of  the  dorsal 
vessel  is  partially  divided  into  two  separate  tubes;  this 
occurs  in  five  of  the  anterior  segments  (apparently  4-8  in- 
clusive) ;  the  two  halves  of  the  dorsal  vessel  are  not  entirely 
separate  from  each  other,  but  reunite  at  the  point  where  the 
vessel  traverses  the  mesenteries  which  are  interposed  between 
the  several  segments ;  behind  the  eighth  segment  the  dorsal 
vessel  becomes  a  single  trunk,  and  is  continued  without  any 
alteration  in  its  character  to  the  posterior  extreme  of  the  body. 

So  far  as  I  am  aware  Megascolex  is  the  only  genus  of  earth- 
worms in  which  this  condition  of  the  dorsal  vessel  has  been 
recorded.  I  take  this  opportunity  of  bringing  together  a  few 
other  instances  in  which  I  have  recently  noticed  a  similar 
state  of  affairs. 

In  a  large  earthworm  from  Natal,  belonging  to  quite  another 
genus  (Microchaeta),  and  differing  in  many  essential  characters 

1  Zool.  Anzeig.,  No.  186  (1885),  p.  40.  '  Vol.  xxx.,  pt.  ii.,  p.  481. 

3  Ann.  and  Mag.  Nat.  Hist.,  May  1884,  p.  398. 
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from  Megascolex,  the  peculiar  disposition  of  the  dorsal  vessel 
was  almost  exactly  repeated;  in  five  of  the  anterior  segments 
of  the  body  the  dorsal  vessel  is  separated  into  two  distinct 
tubes,  which  he  widely  apart  in  the  cavity  of  the  segments 
which  they  occupy,  but  reunite  before  perforating  the 
mesenteries ;  the  transverse  trunks  or  "  hearts,"  as  they  have 
been  termed,  which  unite  the  dorsal  with  the  ventral  blood 
vessel,  arise  in  every  case  from  tlie  unpaired  portion  of  the 
dorsal  vessel,  close  to  the  posterior  mesentery  of  their  seg- 
ment; after  the  tenth  segment  the  dorsal  vessel  becomes 
single.  The  accompanying  figure  will  illustrate  this  point 
(PI.  XXII.,  Fig.  1).  In  both  these  instances  cited  itis  only  the 
most  anterior  section  of  the  dorsal  vessel  which  has  retained 
its  original  paired  condition.  This,  however,  is  not  always 
the  case ;  there  are  other  earthworms  which  retain  much 
more  completely  than  either  of  these  two,  the  original  paired 
dorsal  vessel.  The  collection  of  earthworms  from  New 
Zealand  already  referred  to  prove  to  belong  to  three  distinct 
species,  probably  referable  to  Perrier's  genus  Acantkodriliis ; ' 
in  two  of  these  the  dorsal  vessel  is  formed  of  two  separate  tubes, 
which  run  dose  together  from  end  to  end  of  the  hody,  only 
uniting  upon  the  pharynx. 

There  is  some  difference  in  detail :  in  one  species  the 
structure  of  the  dorsal  vessel  in  the  anterior  region  of  the 
body  is  precisely  similar  to  that  which  has  been  already 
described  in  Megascolex ;  the  two  vessels  unite  at  the  point 
where  they  traverse  the  mesenteries,  but  in  the  interior  of 
each  segment  become  very  widely  separated.  Contrary  to 
what  is  found  in  Megascolex,  the  dorsal  vessel  has  the  same 
structure  throughout  its  whole  extent;  in  each  segment  of 
the  body  the  two  dorsal  vessels  are  completely  separate,  but 
unite  at  their  passage  through  the  mesenteries ;  the  vessels 
being  naturally  injected  with  their  own  blood,  it  was  easy 
to  ascertain  that  this  was  really  the  case,  which  was  also 
proved  by  transverse  sections;  it  is  rather  remarkable  to 
find  that  in  another  species  closely  allied  to  the  foregoing, 
only  differing  in  very  trivial  characters,  but  still  distinct,  the 
dorsal  vessel  does  not  exhibit  the  same  embryonic  character, 
'  Avchivos  (I.  Museum,  t.  viL 
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In  the  third  species,  which  is  very  dififerent  in  its  anato- 
mical as  well  as  external  characters  from  either  of  the  two 
described  above,  the  dorsal  vessel  was  still  more  completely 
separated  into  two  distinct  tubes ;  these  only  united  together 
to  form  a  single  trunk  upon  the  gizzard,  which  in  this  as  in 
so  many  other  earthworms  is  situated  close  behind  the 
pharynx,  and  not  at  the  junction  of  the  oesophagus  with  the 
crop  as  is  the  case  with  Lumbrims.  The  two  dorsal  vessels 
appeared  to  pass  to  the  posterior  extreme  of  the  body  with- 
out being  connected  by  any  anastomoses  or  transverse  vessels ; 
in  traversing  the  mesenteries  they  also  retained  their  dis- 
tinctness, and  were  not  fused  together  at  these  points  as  in 
the  last-mentioned  species.  In  this  earthworm,  therefore, 
the  dorsal  vessel  retains  its  (presumably)  embryonic  character 
much  more  completely  than  in  any  of  the  other  three  species 
to  which  I  have  referred  above.  I  should  add  that,  in  every 
case,  the  results  recorded  do  not  depend  upon  the  dissection 
of  a  single  individual,  but  upon  two  or  more ;  they  are  not, 
therefore,  likely  to  be  abnormal. 

The  above  described  facts  are  illustrated  in  the  two  drawings 
which  I  exhibit  (PL  XXII.,  Figs.  2,  3).  Fig.  2  is  a  sketch  of 
the  circulatory  system  in  the  anterior  part  of  the  body,  from 
which  the  lateral  trunks  as  well  as  the  peripheral  circulation 
generally  has  been  omitted  in  order  to  avoid  undue  compli- 
cation. I  may,  however,  take  the  opportunity  of  calling 
attention  to  some  other  facts  in  the  circulatory  system  of 
Acanthodrilus,  of  which  there  are  no  published  descriptions. 
The  dorsal  vessel  is  connected  directly  with  the  ventral 
vessel  by  eight  pairs  of  transverse  trunks,  of  which  the  five 
anterior  spring  from  the  dorsal  vessel  itself;  the  three 
posterior  pairs,  which  are  considerably  larger  and  stouter  than 
the  anterior,  spring  not  from  the  dorsal  vessel  itself  but  from 
a  small  trunk  which  lies  beneath  it  and  immediately  upon 
the  intestine;  this  vessel  has  been  termed  by  Perrier  the 
supra-intestinal,  and  its  connection  with  the  posterior  '^hearts" 
has  been  recorded  to  exist  in  many  other  genera  of  earth- 
worms ;  ^  in  the  second  species  of  AcanthodrUus  to  which  I 
have  referred  in  the  present  paper,  the  arrangement  of  the 

^  Arch,  de  Zool.  Exp^,  t.  iii.,  t.  ix. 
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attpm-iutestinaJ   vessel    and    lateral    hearts    is    practically 
identical  with  that  just  described,  except  that  the  two  halves  , 
of  the  dorsal  vessel  do  not  uaite  together  at  the  point  where 
they  travei-se  the  mesenteries.     Fig.   3  represents  a  small  , 
portion  of  the  intestine,  together  with  the  dorsal  vessels  and 
the  principal  branches,  of  which  there  are  two  pairs  in  each 
segment ;  one  pair  is  given  oif  close  to  the  mesentery,  and  is  I 
concerned  with  its  blood  supply,  while  the  other  exclusively  ] 
supplies  the  intestinal  walls. 

Fig,  1  is  an  illustration  of  the  principal  trunks  of  the 
vascular  system  in  Micruchcela;  and  it  will  be  observed  that   i 
in  this  eaithworm  as  in  Luvibriacs  all  the  hearts  are  given.  1 
ofl'  directly  fi'om  the  dorsal  vessel 
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Fig.  1.  Citcnlatoty  syrtem  of  Mioroehala  in  anterior  part  of  body. 
Fig,  2.  Ciicalatorj  ty stem  of  Amiitliodriliis,  b]>. 

Fig.  3.  Asmiillportiouof  theintestineota  second  speQies  oS  AcaiUhalrilus, 
shoivilig  the  completely  double  dorsal  veaao!. 


XXXV.  Notes  on  the  Birds  of  the  Island  ofEvjy.    By  William 
Evans,  Esq.,  F.E.S,E. 

(Read  21st  January  1885.) 

The  list  of  the  birds  of  the  island  of  Eigg,  which  I  pro- 
pose laying  before  the  Society  this  evening,  has  been  prepared 
under  the  following  circumstances. 

Being  desirous  to  gain  some  knowledge,  from  personal 
observation,  of  the  habits  of  the  Manx  shearwater  at  one  of 
its  breeding  stations,  as  well  as  to  obtain  with  my  own  hands 
a  specimen  of  its  egg,  I  landed  on  the  island  on  the  after- 
noon of  the  19th  of  June  last, — having  crossed  from  Arasaig 
in  a  fishing- boat, — and  remained  till  the  morning  of  the  24th 
June,  when  I  left  in  the  ss.  "  Claymore  "  for  Oban. 

Wlien  1  went  to  Eigg  I  had  no  intention  of  making  a  list 
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of  its  birds,  the  object  of  the  visit  being  solely  to  make  the 
acquaintance  of  the  shearwaters  on  their  breeding  grounds, 
and  to  them,  therefore,  the  greater  part  of  the  short  time  at 
my  disposal  was  devoted.  A  note  was  carefully  taken, 
however,  of  every  species  I  chanced  to  come  across,  and  on 
showing  these  memoranda  to  our  Secretary  on  my  return,  he 
was  good  enough  to  suggest  that  they  might  be  of  interest 
to  the  Fellows  of  the  Society.  Had  I  thought  when  at  Eigg 
of  making  such  a  communication,  I  would  have  endeavoured 
to  explore  more  thoroughly  certain  parts  of  the  island  to 
which  I  gave  but  a  cursory  glance,  such,  for  instance,  as  the 
grounds  and  plantations  around  Professor  Macpherson's 
residence,  where  not  a  few  interesting  woodland  species 
would  doubtless  have  been  met  with.  Through  the  kind- 
ness, however,  of  Mr  J.  J.  Dalgleish  of  Glenborrodale  Castle, 
Ardnamurchan ;  Mr  Eobert  Gray,  the  Society's  Secretary; 
and  Mr  G.  Scott,  Professor  Macpherson's  manager  on  the 
island, — to  all  of  whom  I  take  this  opportunity  of  conveying 
my  best  thanks, — I  am  enabled  to  include  in  the  list  the 
species  likely  to  have  been  overlooked,  and  doubtless  many 
others  also,  as  well  as  to  submit  corroborative  evidence  of  a 
large  part  of  my  own  observations.  The  sources  of  informa- 
tion to  which  I  refer  are : — 

1.  Extracts  in  the  possession  of  Mr  Gray  from  Journal 

kept  by  Dr  A.  C.  Stark,  Eastbourne,  Sussex,  who 
landed  on  the  island  in  April  1879. 

2.  MS.  list  by  Mr  J.  J.  Dalgleish  of  the  birds  observed  by 

him  on  the  island  in  the  end  of  May  and  beginning 
of  June  1879. 

3.  Supplementary  list  sent  to  Mr  Dalgleish  in  January 

1880  by  Mr  A.  F.  Joass,  Contractor,  Dingwall 
(brother  of  the  Eev.  Dr  Joass  of  Golspie),  of  species 
not  in  No.  2,  which  he  had  observed  in  the  course  of 
frequent  visits  to  the  island  during  the  five  years 
1875-79. 

4.  Communications,  both  verbal  and  by  letter,  to  myself 

from  Mr  Scott,  Professor  Macpherson's  manager. 
Of  published  material  there  is  not  much  to  refer  to.     A 
quaint  reference  to  the  solan  goose  in  Dean  Munro's  account 
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of  his  visit  to  the  Hebrides  in  1549;  a  notice  (evidently 
boiTowed  i'rom  tiie  above)  of  the  same  bird,  in  a  description 
of  Scotland  by  J.  Monipennie,  1612;  a  passing  allusion  to 
the  eagle  and  the  puffin  (shearwater)  in  Hugh  Miller's 
"  Cruise  of  the  Betaey,"  1S59 ;  some  eight  or  nine  references 
in  Gray's  "  Birds  of  the  West  of  Scotland,"  1871 ;  a  note  by 
the  last-named  author,  on  the  shearwaters,  in  the  Proceedings 
of  this  Society  for  Session  1877-78;  and  a  few  interesting 
observations  communicated  to  the  Zoologist  in  November 
1882  by  the  Eev.  H.  A.  Macphersou  of  Glendale,  Skye,  are 
all  that  I  have  been  able  to  find.  As  far  as  I  can  discover, 
neither  M.  Martin  nor  James  Wilson  says  anytliiug  about 
the  birds  that  may  have  been  seen  on  Eigg  when  they  re- 
spectively visited  it  in  the  course  of  their  celebrated  pere- 
grinations among  the  Western  Isles. 

The  annexed  list  includes  eighty-four  species,  fifty  of  which 
were  observed  by  myself.  The  list,  in  which  residents  and 
summer  visitants  predominate,  is  of  course  very  far  from 
being  a  complete  one,  and  would  be  largely  added  to  by  any 
competent  ornithologist  resident  on  the  island  during  winter 
and  at  the  periods  of  the  spring  and  autumn  migrations.  Such 
local  lists,  although  incomplete,  are  nevertheless  of  value,  as 
far  as  they  go,  in  enabling  us  to  determine  with  greater  ac- 
curacy the  precise  areas  of  distribution  of  individual  species, 
and  in  affording  the  means  of  comparison  with  future  ob- 
servations ;  and  it  is  in  the  hope  that  these  notes  may  be  of 
some  such  service  that  I  venture  to  bring  them  before  you. 

List  of  Species. 

1.  Aquila  chrysaetos  (Golden  Eagle). — A  male  golden 
eagle  was  seen  by  Dr  Stark  on  24th  April  1879  flying  about 
the  island.  Dr  Stark  remarks  that  this  and  the  next  species 
come  fram  Hum,  where  they  breed,  to  hunt  for  rabbits.  The 
rabbit  and  the  brown  rat  are,  I  am  informed,  the  only  quad- 
rupeds in  a  wild  state  on  Eigg. 

2.  Ifaliaehis  albicilla  (White-tailed  Eagle). — Occasionally 
comes  over  from  Itum  and  Skye.  In  Gray's  "Birds  of  the 
West  of  Scotland,"  published  in  1871,  the  Scuir  of  Eigg  is 
mentioned  as  a  breeding  station ;  and  the  Bev.  H.  A.  Mac- 
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pherson  states  that  on  21st  May  1882  he  saw  "  the  deserted 
eyrie  of  the  sea  eagles  that  until  lately  bred  in  Eigg "  (vide 
Zoologist  for  1882,  p.  420).  I  have  been  at  some  pains  to 
discover  when  the  eagles  last  bred  in  the  island,  and  have 
ascertained  that  none  have  done  so  since  1877,  when  a  pair 
nested  in  the  rocks  above  Cleadale. 

3.  Falco  peregrinus  (Peregrine  Falcon). — A  pair  were  ob- 
served by  me,  frequenting  the  cliffs  in  the  north-east  part  of 
the  island.  From  the  manner  in  which  they  circled  around, 
continually  uttering  their  shrill  cries,  it  was  evident  they 
had  a  brood  in  the  rocks.     Dr  Stark  mentions  two  eyries. 

4.  Falco  tinnunculvs  (Kestrel). — Several  seen:  observed 
also  by  Mr  Dalgleish.  Appears  to  be  the  commonest  bird  of 
prey  on  the  island. 

5.  Acdpiter  nisus  (Sparrow-Hawk). — Occasionally  seen  by 
Mr  Scott,  who  knows  the  species  well. 

6.  Buteo  vulgaris  (Common  Buzzard). — A  pair  were  seen 
close  to  the  haunt  of  the  peregrines,  and,  from  their  behaviour, 
were  evidently  nesting  there  also.  The  marked  differences  in  the 
flight  and  the  cry  of  the  two  species  were  observed  to  great  ad- 
vantage. A  pair  of  buzzards  are  also  referred  to  in  Stark's  notes. 

7.  OtvAi  brachyotvs  (Short-eared  Owl). — Included  in  Dal- 
gleish's  list  on  Scott's  authority.  From  a  conversation  I  had 
with  Mr  Scott  on  the  subject,  I  am  convinced  of  the  accuracy 
of  this  record ;  and  I  am  inclined  to  think  that  the  long- 
eared  owl  also  occurs  on  the  island. 

8.  Strixflammea  (Barn  Owl). — While  talking  to  Mr  Scott 
at  the  door  of  his  cottage  at  dusk  on  the  22d  of  June,  an  owl 
flew  past,  which  I  felt  sure  was  a  barn  owl.  White  owls 
are  well  known  to  Mr  Scott,  and  Mr  Joass  also  mentions 
having  seen  them. 

9.  Musdcapa  grisola  (Spotted  Flycatcher). — Seen  by  Mr 
Dalgleish  in  bushes  below  the  shearwater  rocks  at  Laig. 

10.  Ginclvs  aquaticuLS  (Common  Dipper). — Observed  by  Mr 
Dalgleish;  also  by  the  Eev.MrMacpherson,  on  a  rivulet  at  Laig. 

11.  Turdus  mvsicus  (Song  Thrush). — I  saw  several;  and 
found  a  nest  containing  four  fresh  eggs.  This  nest  was 
placed  on  the  side  of  a  ditch  in  a  bleak  part  of  the  island, 
and  was  sheltered  by  a  bush  of  tall  heather. 
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Radstock.  3a.  Vertical  section  of  one  of  the  cushions  {a  indicates  position 
of  leaf-scar,  h  its  supporting  cushion).  Zb.  Leaf-scar,  enlarged  1)  diameters, 
to  show  the  vascular  cicatricules,  the  central  of  which  is  composed  of 
two  confluent  dots.  4.  Figure  from  plaster  cast  of  an  impression  in  the 
collection  of  Mr  McMurtrie.  4a.  Vertical  section  of  one  of  the  cushions. 
5..  Four  cushions  with  their  associated  leaf-scars,  from  a  specimen  in  the 
author's  collection.  Communicated  by  Mr  J.  McMurtrie.  The  part  marked 
a  shows  the  decorticated  condition.  6a.  Vertical  section  of  one  of  the 
cushions. 

Pig,  6.  Lepidodendrcm  Peachii,  Kidston,  n.  sp.  From  the  Brickworks, 
Falkirk, .  Stirlingshire  fnat  size).  Original  in  the  collection  of  Mr  C.  W. 
Peach.  6a.  Leaf-scar,  enlarged  2  diameters.  6b.  Leaf-scar,  shown  in  profile, 
enlarged  2  diameters. 


XXXIV.  Note  on  the  Paired  Dorsal  Vessel  of  Certain  Earth- 
worms.  By  F.  E.  Beddard,  Esq.,  M.A.,  F.Z.S.,  Prosector 
to  the  Zoological  Society  of  London.     [Plate  XXII.] 

(Read  20th  May  1885.) 

In  studying  the  anatomy  of  several  new  forms  of  earth- 
worms that  I  have  lately  received  from  New  Zealand  by  the 
kindness  of  Professor  T.  J.  Parker,  I  noted  the  fact  that  in  cer- 
tain of  them  the  dorsal  trunk  of  the  vascular  system  is  repre- 
sented by  two  trunks,  more  or  less  completely  separate  from 
each  other.  This  fact  is  of  some  interest,  because  it  is  known 
that  the  single  dorsal  vessel  of  Zumbricics  is  represented  in 
the  embryo  by  two  rudiments,  which  only  subsequently 
coalesce.  This  fact  we  owe  to  the  researches  of  Kovalevsky ;  ^ 
Vejdovsky  has  more  recently  extended  the  discovery  to 
Criodrilus,  and  has  published  a  brief  account  of  his  observa- 
tions in  a  preliminary  note  addressed  to  the  Bohemian 
Academy.2  The  two  rudiments  of  what  is  subsequently  to 
become  the  unpaired  dorsal  vessel  of  the  adult  Criodrilus  are 
situated  above,  and  rather  to  the  side  of,  the  intestine ;  their 
position  in  fact  would  appear  to  correspond  very  closely  to 
the  lateral  vessels,  or  intestino-tegumentary  trunks  as  Perrier 
has  termed  them,  which  are  found  in  Lumhricus  and  in  many 
other  genera  of  earthworms,  but  do  not  seem  to  be  repre- 

1  Mem.  d,  I'Acad.  de  St  Petersb.  1871.  «  S.  B.  Bohm.  Acad.  1879. 
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locustella)  beside  a  small  marsh  about  two  miles  from  Arasaig, 
on  the  Fort  William  road. 

20.  Sylvia  trochilus  (Willow  Warbler). — I  observed  one 
or  two  in  a  charming  little  woodland  glen  near  Professor 
Macpherson's  "Cottage,"  where  their  sweet  songs  and  the 
sight  of  primroses  and  bluebeU-hyacinths  in  profusion  on 
the  banks,  irresistibly  carried  my  thoughts  from  the  lonely 
island  to  familiar  scenes  in  our  own  immediate  neighbour- 
hood. The  profusion  of  wildflowers,  I  may  remark  in  pass- 
ing, can  hardly  fail  to  attract  the  attention  of  a  stranger 
landing  on  the  island.  The  wiUow  wren  is  also  mentioned 
in  Dalgleish's  list. 

21.  Regulus  cristatios  (Golden-crested  Wren). — This  tiny 
bird  is  included  in  Joass'  list.  The  Eev.  Mr  Macpherson 
states  that  he  found  a  nest  of  the  golden-crested  wren  on 
21st  May  1882,  and  that  one  was  found  by  Mr  Joass  in  1881 
(vide  Zoologist  for  1882,  p.  420). 

22.  Parus  ccerulevs  (Blue  Tit). — Included  in  Joass'  list. 
This  is  the  only  record  I  have  of  the  blue  tit  having  been 
observed  in  the  island. 

23.  Parus  caudatus  (Long-tailed  Tit). — Mr  Joass'  list  is 
the  sole  authority  I  have  for  this  species  also. 

24.  Mota^lla  Yarrellii  (Pied  Wagtail). — Dr  Stark  mentions 
having  seen  pied  wagtails,  and  remarks  that  they  were  "light 
in  colour."  Also  included  in  Joass*  list.  There  is  a  possi- 
bility that  the  birds  Dr  Stark  saw  may  have  been  the  con- 
tinental form  {M.  alba)  on  migration. 

25.  Motacilla  loarula  (Grey  Wagtail). — Observed  by  Mr 
Joass,  and  included  in  the  list  he  gave  Mr  Dalgleish,  under 
the  name  of  "yellow"  wagtail.  I  have  communicated  with 
Mr  Joass  on  the  subject,  and  he  assures  me  the  bird  he  saw 
was  the  grey  wagtail,  not  Eay's. 

26.  Anthus  pratensis  (Meadow  Pipit). — Seen  in  abundance, 
especially  on  the  moorland  parts  of  the  island.  Young  ones 
(in  nest)  were  seen  by  the  Eev.  Mr  Macpherson  on  22d 
May. 

27.  Anthus  obscunis  (Eock  Pipit). — 1  observed  a  good  many 
among  rocks  on  the  shore.     Also  mentioned  in  Stark's  notes. 

28.  Alavda    arvensis    (Skylark). — Common,   their  sweet 
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carols  sounding  all  the  sweeter  when  beard  amidst  these 
ialaad  solitudes. 

29.  Evibo-iza  miliaria  {Cotu  Bunting). — Every  little  patch 
of  crofter's  corn  or  hay  grass  had  its  paii'  or  more  perched  on 
the  rude  wall  or  other  slightly  elevated  site,  lazily  repeating 
their  monotonous  notes.  The  corn  hunting  is  one  of  the 
moat  abundant  and  famihar  birds  throughout  the  Hebrides, 
reaching  even  to  tlie  remotest  islands.  I  i-emember  Mr 
Hai'vie-Brown  telHng  me  when  I  was  about  to  start  in  June 
1882  for  St  Kilda  {where  we  found  it  impossible,  however,  to 
set  foot  owing  to  the  storm  encountered),  that  when  he 
landed  there  a  year  or  two  before,  almost  the  first  bird  he 
noticed  was  the  bunting,  sitting  beside  the  plots  of  corn, 
apparently  quite  at  home, 

'60.  Emierriza  sckcenidus  {Eeed  Bunting). — Seen  in  two 
localities  among  tall  heather  and  willows  in  boggy  spots  near 
the  main  road  across  the  island.  Oue  pair  had  a  brood  uewly 
out  of  the  nest,  and  unable  to  fly. 

31.  Emberisa  dtrinelta  (Yellow  Hammer). — Common.  I 
i'ound  a  nest  containing  two  newly  laid  egga ;  it  was  built 
among  heather.  Yellow  yites  never  failed  to  make  their 
appearance  when  the  innkeeper's  poultry  were  being  fed. 

32  Fringilla  Calebs  (Chaffinch). — Not  uncommon.  Several, 
both  old  and  young,  made  their  appearance  when  the  poultry 
were  fed.  A  young  bird,  strong  on  the  wing,  was  observed 
by  the  Rev.  Mr  Macpherson  on  19th  May  1882. 

33.  Passer  monlanus  (Tree  SpaiTOw). — On  the  19th  of  June, 
I  discovered  a  small  colony  ^  (about  half  a  dozen  pairs,  as  far 
as  I  could  make  out)  of  this  interesting  bird  inhabiting  holes 
in  the  ruins  of  St  Uonan's  Chapel,  or,  as  the  islanders  call  it, 
Kildonan.  I  visited  the  colony  two  or  three  times,  and 
climbed  to  one  of  the  nesting  holes,  but  did  not  ascertain 
what  it  contained.  To  have  done  so  it  would  have  been 
necessary  to  extract  the  nest — part  of  which  was  distinctly 
visible — piece-meal,  a  course  I  hesitated  to  adopt. 

In  the  Society's  Proceedings  for  Session  1881-82  there  is 

an  interesting  and  instructive  paper  by  Mr  Dalgleish  on  the 

distribution  and  habits  of  the  Tree  Sparrow,  in  which  he 

'  Seen  agaiij,  by  the  Rev.  H.  A.  Mucplieriioii,  iii  June  1885. — Ed. 
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records  the  discovery,  by  himself,  of  a  colony  at  Kilchoan, 
in  the  western  end  of  Ardnamurchan,  in  August  1880.  The 
first  authentic  record  of  its  occurrence  in  the  west  of  Scot- 
land appears  to  be  that  in  the  Appendix  to  Gray's  "  Birds  of 
the  West  of  Scotland," — the  locality  being  near  Ardrossan, 
and  the  date  1870 ;  and  at  the  time  Mr  Dalgleish  read  his 
paper  (Feb.  1882),  nobody  would  seem  to  have  noticed  it  on 
the  west  coast,  to  the  north  of  the  Clyde,  until  he  discovered  it 
in  Ardnamurchan  as  just  mentioned.  When  I  put  these  notes 
together,  a  week  or  two  ago,  it  had  not,  so  far  as  I  could  find, 
been  recorded  from  any  of  the  Western  Isles;  and  I  sup- 
posed I  had  been  the  first  to  trace  it  thither.  A  few  days 
since,  however,  my  attention  was  drawn  to  Mr  C.  Dixon's 
interesting  paper,  in  the  Ibis  for  the  present  month,  on  the 
Ornithology  of  St  Kilda,  where  a  pair  were  seen,  and  one  of 
them  shot,  by  that  gentleman,  on  the  9th  of  June  last.  They 
breed,  Mr  Dixon  states,  in  the  holes  of  the  rough  stone  walls 
that  enclose  the  fields.  This  interesting  discovery  of  the 
species  in  the  outermost  of  the  Outer  Hebrides,  thus  pre- 
ceded mine  in  the  inner  islands  by  ten  days.  The  late 
Professor  MacGillivray,  writing  in  1837  {vide  *'  History  of 
British  Birds,"  voL  i.,  p.  350),  remarks  of  the  common  house 
sparrow, — "  it  is  singular  that  in  the  Outer  Hebrides  it  was, 
until  of  late,  to  be  seen  only  at  Kilbar,  in  the  island  of 
Barray,  where  it  had  made  its  abode  in  a  ruined  church, 
although  now,  according  to  the  minister  of  Stomoway,  a 
few  individuals  have  appeared  in  that  town,  where  they  will 
doubtless  speedily  multiply."  May  not  these  sparrows  on 
the  ruins  of  Kilbar  church  have  been  Passer  montamcs,  a 
species  which  MacGillivray  then  confessed  he  had  never  to 
his  knowledge  seen  alive  ?  The  prediction  contained  in  the 
closing  words  of  the  above  quotation  has  been  abundantly 
fulfilled,  as  I  can  testify  from  personal  observation.  The 
house  sparrow  does  not,  however,  appear  to  be  a  common 
bird,  even  in  the  inner  islands,  and  though  Mr  Scott 
informed  me  he  was  sure  he  had  seen  it  in  Eigg,^  I  have,  in 
the  absence  of  positive  evidence,  thought  it  advisable  to 

^  Mr  Macpherson  informs  the  Editor  that  he  found  a  few  pairs  nesting  in 
the  cliffs  in  June  1885,  close  to  a  few  pairs  of  the  tree  sparrow. 
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exclude  it  from  tiie  Hat,  That  a  marked  extension  of  range 
has  been  going  on  in  this  countiy  of  late  years,  in  tlie  case  of 
the  tree  sparrow  and  several  other  birds,  seems  almost  certain. 

34  Carduelie  cUgans  (Goldfinch). — -Included  in  Dalgleish's 
fi3t,  on  the  authority  of  Mr  Scott,  In  a  letter  to  Mr 
Dalgleish,  dated  Eigg,  26th  Jan.  1880,  Mr  Joaaa  stated  that 
lie  had  seen  it  on  the  island  several  times. 

:i5.  Zinoia  viontiuiii  (Mountain  Linnet  or  Twite). — I 
found  tliis  species  in  tolerable  abundance  all  over  the  island, 
and  anything  but  shy.  They  were  constantly  about  the  inn, 
and  I  saw  thera  frequently  on  the  hazel  bushes, — which  in 
many  places  abound  on  the  slopes  beneath  the  high  basaltic 
crags  that  all  but  encircle  the  island, — as  weU  as  among  the 
heather. 

36.  Pyrrhula  vult/ajHs  (BuHfincb). — Mr  Scott  informs  me 
that  he  has  over  and  over  again,  and  up  to  the  present  time, 
seen  this  bird  among  willow  and  hazel  bushes,  in  a  particular 
glen  near  tlie  centre  of  the  island.  Another  person  (a 
shepherd)  told  me  he  also  had  seen  it  there.  I  have  sub- 
mitted a  coloured  drawing  of  the  Bullfinch  to  Mr  Scott,  and 
he  quite  recognises  it.  I  ought  to  siiy  that,  befnie  going  to 
Eigg,  Mr  Scott  resided  in  Perthshire,  where  this  species  is 
well  known, 

37.  Stumus  vulgaris  (Starling). — A  few  only  were  seen  by 
me.  Dr  Stark,  however,  states  that  it  swarmed  about  the 
cliffs  on  the  Scuir  at  the  time  of  his  visit,  April  1879.  Mr 
Dalgleish  also  observed  quite  a  number  nesting  in  the  rocks 
the  same  year.  The  breeding  season  of  the  species  being 
over  by  the  time  of  my  visit,  the  birds  had  doubtless  already 
congregated  and  gone  elsewhere  for  a  time, 

38.  CorvvtS  co^-ax  (Raven), — Two  broods  were  observed  by 
me,  one  neat  the  north  and  the  other  at  the  south  end  of 
the  island.  In  1879,  when  Mr  Dalgleish  visited  the  island, 
there  were  also  just  the  two  pairs  ;  and  the  same  number  is 
mentioned  by  the  Kev,  Mr  Macpherson  in  1882. 

39.  Corvus  comix  (Hooded  or  Grey  Crow). — A  well- 
known  pest  in  Eigg,  as  elsewhere  on  the  west  coast.  I  did 
not  observe  many,  however,  and  presume  they  are  kept 
pretty  well  under. 
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40.  Corvus  frugiUgus  (Rook). — Mr  Scott  informs  me  that 
rooks  visit  the  island  during  autumn  and  winter,  but  do  not 
breed  there. 

41.  Troglodytes  vulgaris  (Wren). — Common,  the  merry 
song  ever  and  anon  attracting  attention  to  the  sprightly 
little  fellow  perched  on  the  top  of  a  rock  or  a  spray  of 
heather,  from  which  he  pops  down  out  of  sight  immediately 
the  performance  is  over.  I  watched  several  of  the  birds 
carrjdng  good  sized  caterpillars  to  their  young  ones  among  tall 
heather.  The  nest  is  here,  as  elsewhere,  frequently  placed  in 
an  outhouse,  the  same  spot  being  tenanted  year  after  year. 

I  may  here  mention  that  larvae  of  the  common  currant 
moth  (Abraocas  grossulariata)  were  observed  feeding  on 
heather  not  far  from  the  summit  of  the  Scuir. 

42.  Guculus  canorus  (Cuckoo). — Common.  Its  well-known 
call  was  among  the  first  sounds  I  heard  on  landing. 

43.  Hirundo  rustica  (Swallow). — I  did  not  see  any,  but 
was  informed  that  a  pair  usually  frequent  the  steading  at  the 
farm  of  Sandavore.  Mr  Scott  has  also  seen  them  on  the 
island. 

44.  Cypselus  apis  (Common  Swift). — One  was  seen  by  Mr 
Dalgleish  flying  above  the  cliffs. 

45.  CaprimulgMS  eurojpceus  (Nightjar). — Included  in  Joass' 
list.  They  are  abundant  on  the  mainland,  directly  opposite 
Eigg.  While  staying  at  Arasaig  I  heard  them  every  even- 
ing. 

46.  Columba  palumbus  (Eingdove  or  Wood  Pigeon). — Mr 
Dalgleish  notes  that  a  pair  were  seen  by  Mr  Scott  in  trees  at 
the  Cottage  in  1879,  and  in  a  letter  received  from  Mr 
Scott  to-day  he  informs  me  there  are  a  few  there  still. 

47.  Columba  livia  (Rock  DoveJ. — ^Mr  Dalgleish  saw  one  or 
two  near  the  famous  cave.  I  saw  only  a  single  bird,  and 
imagined  the  species  might  not  be  numerous  on  the  island. 
Mr  Scott,  however,  writes  me  that  there  are  considerable 
numbers. 

48.  Lagopus  Scoticus  (Eed  Grouse). — Not  abundant.  I  saw 
only  a  very  few,  but  it  is  not  the  habit  of  grouse  to  show 
themselves  much  at  that  season  of  the  year. 

49.  Perdix  cinerea  (Common  Partridge). — Mr  Scott  writes 
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me  that  partridges  were  introduced  about  three  years  ^o, 
tut  are  not  numerous  yet. 

50.  Churadrius  pluvialis  (Golden  Plover). — Included  ia 
Joass'  list. 

51.  Oharadrius  hiaiictda  (Ringed  Plover). — A  few  pairs 
were  observed  on  the  stretch  of  sandy  beach  near  the  land- 
ing place.  Mentioned  also  by  Mr  Joass,  who  knew  of  two 
breeding  places  on  the  island.  Three  birds,  "  surprisingly 
fearless,"  were  seen  by  the  Rev.  Mr  Macpherson  among  rocks 
near  the  famous  musical  sands. 

52.  Vanellm  cristatus  (Lapwing). — In  a  letter  to  Mr  Dal- 
gleish,  dated  Eigg,  26tb  January  1880,  Mr  Joasa  says :  "  The 
lapwing,  I  think,  breeds  here,  as  I  have  noticed  it  at  all 
seasons  of  the  year."  It  is  not  mentioned  in  any  of  the 
other  sources  of  information  to  which  I  have  referred,  and  I 
did  not  observe  it  myself. 

53.  ffmrnatopiis  ostraUgits  (Oystercatcher). — A  few  were 
observed  in  the  hay  near  the  landing-place.  Included  also 
in  Mr  Dalgleish'e  list ;  and  observed  on  the  shore  at  Laig  by 
the  Rev.  Mr  Macpheraon.  The  oystercatcher  is  well  known 
to  be  an  abundant  bird  throughout  the  Hebrides  generally. 
Numbers  breed  on  the  islands  off  Arasaig,  where  I  found 
over  a  dozen  nests  in  a  few  minutes.  In  1882  I  obtained 
three  eggs  from  St  Kilda. 

54.  Ardea  cinerea  (Common  Heron). — Bred  in  Ei^  in 
1882,  as  recorded  by  the  Rev.  Mr  Maepherson  in  the 
Zoologist  for  that  year.  He  says :  "  Mr  John  Maepherson  of 
Sandavore  kindly  offered  to  show  me  a  heron's  nest  on  a 
cliff  at  the  north-west  of  Eigg.  When  I  visited  Eigg  some 
ten  or  eleven  years  since,  the  herons  from  the  mainland 
habitually  patronised  the  Eigg  fishing ;  but  I  believe  that 
the  species  has  not  nested  in  Eigg,  of  recent  years  at  any 
rate,  until  the  present  summer." 

65.  Numenius  arquata  (Curlew). — Several  were  seen  feed- 
ing at  low  water  in  the  bay  near  the  landing-place.  Also 
included  in  Joass'  list. 

56.  Tolanus  ealidris  (Redshank). — Mentioned  by  Mr  Scott, 
who  appears  to  know  the  bird  well. 

57.  Totamis    hypoleucos    (Common    Sandpiper).  —  A   few 
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observed*  on  the  shore  near  the  Cave.  Recorded,  from  the 
island,  in  Gray's  "  Birds  of  the  West  of  Scotland."  Seen 
also  by  Mr  Dalgleish. 

58.  Scolopax  rusticola  (Woodcock). — Plentiful  in  hard 
winters.  Mr  Dalgleish  was  informed  by  Mr  Scott,  who  has 
since  repeated  the  statement  to  me,  that  he  had  killed  as 
many  as  sixteen  or  seventeen  in  a  day  in  the  winter  of 
1878-79.  Woodcocks  breed  in  some  numbers  on  the  main- 
land between  Fort  William  and  Arasaig.  Close  to  the  latter 
place  I  came  upon  a  pair,  which,  from  the  way  they  flew 
around,  uttering  all  the  while  a  curious  cry  resembling  the 
syllables,  croak,  croak,  croak-oak-a-creek,  doubtless  had  a  brood 
close  by. 

59.  Scolopax  gallinago  (Common  Snipe). — Two  or  three 
were  seen  by  me.  I  had  an  excellent  view  of  one  which, 
in  response  to  an  imitation  of  its  call,  approached  within 
three  yards  of  where  I  was  seated.  Included  also  in  Joass' 
list. 

60.  Scolopax  gallinula  (Jack  Snipe). — My  only  authority 
for  recording  this  species  is  Mr  Joass,  in  whose  list  it  is 
included. 

61.  Crex  pratensis  (Corncrake). — ^Very  common.  When 
sitting  on  the  garden  wall  at  the  inn,  I  frequently  saw  one 
moving  about  among  the  short  grass  in  the  adjoining  field. 
Each  step  was  accompanied  by  a  forward  motion  of  the  head, 
the  familiar  "  creek,  creek,"  being  at  same  time  uttered. 
A  nest,  which  I  found,  was  placed  amid  a  patch  of  the 
yellow  iris,  and  contained  the  remains  of  eight  eggs  newly 
sucked,  evidently  the  work  of  a  rat 

62.  Rallies  aqtoaticus  (Water  Eail). — Three  were  killed  in 
the  winter  of  1878-79.  This  information  was  communicated  to 
Mr  Dalgleish  by  Mr  Scott.  Mr  Joass  mentions  in  his  letter 
of  26th  January  1880,  previously  referred  to,  that  he  fre- 
quently saw  them  that  winter. 

63.  Tadorrut  vulpanser  (Shelldrake). — Two  or  three  were 
seen  flying  along  the  shore,  opposite  the  Cave,  having  come 
from  the  direction  of  Castle  Island,  where,  I  understand, 
they  breed. 

64.  Anas  hoschas  (Wild  Duck  or  Mallard). — I  saw  a  pair 
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on  a  hill  loch  behind  the  Scuir,  where  they  were  doubtless 
breeding.     The  Kev.  Mr  Macpherson  saw  five  or  six 
Scuir  lochs  on  23d  May  18S2. 

65.  Anaa  crccca  (Teal). — Mr  Scott  informed  me  that  he 
had  seen  teal  about  the  island.  In  Gray's  "  Birds  of  the 
West  of  Scotland"  it  is  stated  to  breed  in  the  neighbouring 
island  of  Rum. 

66.  Somatcria  moUissima  (Eider  Duck). — I  learned  from 
Mr  Scott  and  others  that  a  few  pairs  breed,  or  used  to  breed, 
on  the  Castle  Island.  Mr  Joasa  informs  me  he  has  seen  a 
brood  of  ducklings  there.  On  the  small  islands  out  from 
Arasaig  I  put  several  females  off  their  nests,  and  saw  others 
with  ducklings  following  them.  The  number  of  eggs  in  a 
nest  or  young  in  a  brood  iu  no  instance  exceeded  three,  but 
this  was  probably  the  result  of  frequent  robbing  of  the  nests, 

67.  Merffiis  serrator  (Red-breasted  Merganser). — Mr  Scott 
iuforms  me  that  three  were  shot  recently,  and  sent  to  a  pro- 
fessional bird-stuft'er,  by  whom  they  were  identified.  I 
found  the  species  common  in  the  neighbourhood  of  Arasaig, 
and  discovered  a  nest  containing  nine  eggs  ;  and  I  believe  I 
saw  a  merganser  flying  close  to  the  shores  of  Eigg. 

68.  Fodiceps,  sp.  ?  (Grebe). — I  found  the  remains  of  a 
grebe  on  the  shore,  but  did  not  make  out  the  species  satis- 
factorily. It  was  evidently  one  of  the  middle-sized  species, 
probably  the  Sclavoniau  grebe  (Podiceps  cornutus). 

69.  Colymhus  ylacialis  (Great  Northern  Diver). — Not  un- 
common in  winter.  Mr  Scott  writes  me  that  three  were  seen 
lately.  I  observed  a  single  bird  feeding  in  the  channel 
between  the  landing-place  and  the  Castle  Island.  On  more 
than  one  occasion  within  the  last  year  or  two  I  have 
examined  fresh  specimens  from  JVIuU  in  the  month  of  June. 

70.  Uria.  troile  (Common  Guillemot), — A  good  many  were 
seen  at  sea  as  we  approached  the  island, 

71.  Uria  gryllc  (Black  Guillemot). — I  observeda  fine  male 
feeding  in  the  channel  between  the  landing-place  and  Castle 
Island,  where  I  have  no  doubt  the  female  was  sitting  on  eggs 
or  young,  Mr  Gray,  in  his  "  Birds  of  the  West  of  Scotland," 
gives  Eigg  as  a  breeding-place.  The  same  gentleman  informs 
me  that,  when  on  a  yachting  cruise  in  the  autumn  of  1877, 
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he  observed  black  guillemots  off  the  shores  of  Eigg ;  and  the 
Bev.  Mr  Macpherson  states  that  he  saw  two  on  the  Laig 
(west)  side  of  the  island  in  May  1882. 

72.  Fratercula  arctica  (Puffin). — A  few  were  seen  as  we 
approached  the  island,  but  I  could  not  discover  that  it  breeds 
there,  the  bird  known  to  the  natives  by  the  name  of  "  puffin  " 
being  the  Manx  shearwater. 

73.  Fhalacrocorax  carbo  (Common  Cormorant).  —  This 
species  is  mentioned  by  Mr  Gray  in  his  "  Birds  of  the  West 
of  Scotland  "  as  breeding  in  Eigg.  The  "  cormorant "  is 
included  in  Joass'  list,  and  the  Eev.  Mr  Macpherscfii  states 
that  he  counted  six.  It  is  just  possible  some  of  these 
observations  may  refer  to  the  next  species,  which  I  think  is 
allowed  to  be  much  the  commoner  of  the  two  in  the  Hebrides. 

74.  Fhalacrocorax  graculvs  (Shag  or  Green  Cormorant). — 
Two  or  three  were  seen  and  perfectly  identified  by  me. 

75.  Sula  bassana  (Solan  goose). — Seen  by  Mr  Joass  and 
included  in  his  list.  The  following  quotation  from  Dean 
Munro's  account  of  his  visit  to  the  Hebrides  between  1540 
and  1549  is  interesting  as  indicating  that  the  species  once 
nested  in  the  cliffs  of  Eigg : — "  North  from  Elian  Muchd  be 
foure  myles,  lyes  ane  iyle  called  iyle  of  Egga,  foure  myle 
lange  and  twa  myle  braid,  guid  maine  land  with  a  Paroch 
E^irk  in  it  and  maney  Solane  geese."  In  John  Monipennie's 
"  Description  of  Scotland  "  (1612  edition,  p.  240)  it  is  stated 
that  "  In  Egga  are  Solain  Geese." 

76.  Sterna  macrura  (Arctic  Tern). — A  few  terns  were 
observed  flying  about  the  bay  near  the  landing-place :  a  pair 
or  two  seemed  to  be  breeding  on  some  low  skerries  near  the 
shore.  With  the  aid  of  a  strong  field-glass  I  had  a  good  view 
of  some  of  them,  and  felt  sure  they  were  this  species.  The 
Eev.  Mr  Macpherson  came  to  the  same  conclusion  in  1882. 
He  says :  "  On  May  23d  we  felt  fairly  satisfied  that  a  pair  of 
noisy  terns  hovering  about  low  were  to  be  referred  to  S, 
macrura,  though  their  lively  movements  made  it  difficult  to 
scrutinise  their  beaks  as  minutely  as  I  desired  to  do  "  {vide 
Zoologist  for  1882,  p.  420).  Probably  the  common  tern  {S. 
fluviatilis)  also  frequents  the  fishing  in  the  bay,  as  I  satis- 
factorily identified  both  forms  on  the  islands  off  Arasaig. 
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77.  Larus  ainus  (Common  Gull). — A  pair  or  two  w 
about  the  grassy  slopes  of  cliffs  near  the  south-west  comer 
of  the  island.     Thej'  appeared  to  have  young  iu  the  neigh- 
bourhood.    I  found  the  species  breeding  abundantly  on  some 
low  flat  islands  near  Araaaig. 

78.  LaTUsfusciis  (Lesser  Black-backed  Gull), — A  few  were 
noticed  about  the  shores  of  Eigg.  There  ia  a  large  colony  ou 
one  of  the  islands  near  Araaaig. 

79.  -ia?'wsa5'yemtoiws  (Herring  Gull). — Common.  Breeds  on 
precipitous  rocks  at  the  southern  end  of  the  island  and  else- 
where round  the  shores.  Mr  Gray  informs  me  that  when 
cruising  off  Eigg  in  August  1877,  he  observed,  during  a  gale, 
great  numbers  of  herring  gulls.  The  main  body  sat  on  the 
rocks  in  the  north  end  of  the  island ;  but,  during  the  time 
the  yacht  took  iu  passing,  hundreds  came  seawards  in  the 
face  of  the  storm,  apparently  with  the  greatest  ease. 

80.  Larvs  marinus  (Great  Black-backed  Gull). — Mr  Dal- 
gleish  saw  newly  hatched  yonng  on  an  islet  in  a  hill  loch, 
attended  by  their  parents.  A  pair  of  black-backed  gulls  were 
seen  by  me  in  the  neighbourhood  of  the  same  loch,  but  they 
were  very  shy,  and  I  did  not  pay  much  attention  to  the 
identification  of  them.  The  Rev.  Mr  Macphersoa  states 
that  as  he  turned  the  corner  of  a  cliff  "  suddenly  up  rose  a 
lai^e  black-backed  gull,  who  had  been  gorging  on  a  dead 
lamb." 

81.  Puffimis  anglorum  (Manx  Shearwater). — This  is  par 
excellence  the  bird  of  Eigg;  so  much  so,  indeed,  that  its  Gaelic 
name,  "  Fachach,"  ia  applied  to  the  Eigg  fishermen  by  their 
neighbours  in  the  surrounding  islands.  Old  and  young  bii-ds 
alike  are  known  by  the  name  Fachach,  but  none  of  the 
natives  of  whom  I  made  inquiries  knew  it  by  the  name  of 
shearwater.  Those  who  had  an  English  name  for  the  bird 
called  it  the  puffin,  a  name  by  which  it  would  appear  to  have 
been  long  known  in  the  Hebrides.  Thus,  M.  Martin,  in  his 
description  of  the  Western  Isles  published  in  1716,  speaking 
of  Enm,  says,  "  There  ia  plenty  of  land  and  sea  fowl ;  some  of 
the  latter,  especially  the  puffin,  build  in  the  hills  as  much 
as  in  the  rocks  on  the  coast," — the  reference,  I  think,  being 
clearly  to  the  shearwater,  which,  I  understand,  still  breeds 
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in  Rum  at  a  considerable  elevation.  Coming  down  to  1859 
we  find  the  following  interesting  passage  in  Hugh  Miller's 
"  Cruise  of  the  Betsey "  (p.  89),  the  latter  part  of  which 
substantially  agrees  with  what  the  Eigg  folks  gravely  assert 
to  this  day :  "  The  puffin,  a  comparatively  rare  bird  in  the 
Inner  Hebrides,  builds,  as  I  was  told,  in  great  numbers 
in  the  continuous  line  of  precipice  which,  after  sweeping 
for  a  full  mile  round  the  bay  of  Laig,  forms  the  pinnacled 
rampart  here,  and  then,  turning  another  angle  of  the 
island,  runs  on  parallel  to  the  coast  for  about  six  miles 
more.  In  former  times  the  puffin  furnished  the  islanders,  as 
in  St  Eilda,  with  a  staple  article  of  food,  in  those  hungry 
months  of  summer  in  which  the  stores  of  the  old  crop  had 
begun  to  fail,  and  the  new  crop  had  not  yet  ripened ;  and 
the  people  of  Eigg,  taught  by  their  necessities,  were  bold 
cragsmen.  But  men  do  not  peril  life  and  limb  for  the  mere 
sake  of  a  meal,  save  when  they  cannot  help  it ;  and  the 
introduction  of  the  potato  has  done  much  to  put  out  the 
practice  of  climbing  for  the  bird,  except  among  a  few  young 
lads  who  find  excitement  enough  in  the  work  to  pursue  it 
for  its  own  sake  as  an  amusement.  I  found  among  the 
islanders  what  was  said  to  be  a  piece  of  the  natural  history 
of  the  puffin,  sufficiently  apocryphal  to  remind  one  of  the 
famous  passage  in  the  history  of  the  barnacle,  which  traced 
the  lineage  of  the  bird  to  one  of  the  pedunculated  cirripedes, 
and  the  lineage  of  the  cirripede  to  a  log  of  wood.  The  puffin 
feeds  its  young,  say  the  islanders,  on  an  oily  scum  of  the  sea, 
which  renders  it  such  an  unwieldy  mass  of  fat,  that  about 
the  time  when  it  should  be  beginning  to  fly,  it  becomes 
unable  to  get  out  of  its  hole.  The  parent  bird,  not  in  the 
least  puzzled,  however,  treats  the  case  medicinally,  and — like 
mothers  of  another  two-legged  genus,  who,  when  their 
daughters  get  over  stout,  put  them  through  a  course  of 
reducing  acids  to  bring  them  down — feeds  it  on  sorrel  leaves 
for  several  days  together,  till,  like  a  boxer  under  training,  it 
gets  thinned  to  a  proper  weight,  and  becomes  able,  not  only 
to  get  out  of  its  ceU,  but  also  to  employ  its  wings." 

The  islanders  have  not  yet  altogether  lost  their  relish  for 
the  "  Fachach,''  and  still  enjoy  a  dish  of  it  when  it  can  be 
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got ;  but  there  do  not  appear  to  be  many  folka  in  the  island 
now  who  care  to  undertake  the  risk  which  climbing  for  it 
oa  an  extensive  scale  involves.  One  lad,  however,  informed 
me  that  he  and  a  companion  had  taken  as  many  as  forty  a- 
piece  in  one  day  in  1883.  The  young  birds,  which  at  one 
stage  of  their  existence  are  remarkably  fat,  are  principally 
sought  for;  but  the  old  ones  too  are  taken  when  found  in 
the  burrows. 

The  numbers  which  annually  repair  to  the  cliffs  of  Eigg 
to  rear  their  young  must  be  very  considerable  indeed. 
Some  time  before  wa  reached  the  island,  dozen  after  dozen 
passed  our  boat,  flying  seaward  in  rapid  succession  to  a 
rendezvous  on  the  heaving  waters,  where  they  settled,  form- 
ing a  dense  flock,  wliich,  as  it  rose  and  fell,  looked  in  the 
diatance  not  unlike  a  mass  of  great  floating  seaweed.  The 
flock  must  have  consisted  of  many  hundreds  of  birds.  A 
similar  gathering,  estimated  at  seven  or  eight  hundred,  many 
of  them  birds  of  the  year,  were  observed  by  Mr  Gray  riding 
on  the  waves  in  the  neighbourhood  of  Eigg  in  August  1877, 
as  recorded  in  the  Society's  Proceedings  for  Session  1877-78 
(vol.  iv.,  p.  21S). 

The  shearwaters  breed  principally,  if  not  entirely,  in 
burrows,  wherever  sufficieut  soil  is  found,  high  up  in  the 
precipitous  ci-ags  which  rise  above  the  talus  at  a  greater  or 
less  distance  from  the  shore,  the  rampart  of  black  basalt  sur- 
rounding the  bay  of  Laig  being  as  formerly  a  favourite  resort 
The  spots  likely  to  contain  burrows  are  readily  detected,  even 
at  a  distance,  by  the  presence  of  au  abundant  vegetation,  but 
owing  to  the  rotten  nature  of  the  rock  composing  the  cliffs 
to  be  ascended,  or  descended,  as  the  case  may  be,  before 
these  green  spots  can  be  reached,  and  the  labour  of  digging 
out  the  nests,  the  eggs  are  by  no  means  easy  to  obtain. 
According  to  Saxby  ("The  Birds  of  Shetland,"  p.  366)  the 
burrows  are  dug  by  the  birds  themselves,  and  vary  "  from 
eighteen  inches  to  two  feet  in  depth,  or  even  more,  and  are 
so  narrow  that  the  introduction  of  the  hand  is  a  matter  of 
some  ditficulty  when  the  hole  happens  to  be  new,  and  there- 
fore but  little  worn  by  the  passage  of  the  bird."  All  the 
burrows  I  examined,  however,  were  from  four  to  five  or 
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more  feet  in  length,  and  wide  enough  to  admit  the  arm  with 
ease,  and  had  all  the  appearance  of  having  been  excavated 
by  rabbits,  of  which  I  saw  a  number.  The  soil  not  being 
deep,  the  burrows  never  penetrated,  in  any  part  of  their 
course,  far  from  the  surface;  and  though  the  ground  was 
very  hard,  owing  to  a  more  than  usual  amount  of  dry 
weather,  I  managed  with  the  aid  of  my  lingers  and  a  stout 
walking-stick  to  dig  up  about  a  dozen  nests,  and  found  four 
eggs  (the  bird  lays  but  one),  two  fresh  and  two  highly  in- 
cubated. All  the  other  burrows  contained  very  young  birds, 
covered  with  a  delightfully  soft  lightish  slate-coloured  down. 
A  few  twigs  of  heather  and  withered  blades  of  grass  were  all 
I  could  find  in  the  way  of  lining  to  the  nests.  One  of  the 
parent  birds,  sometimes  the  female  and  sometimes  the  male, 
was  in  each  burrow. 

The  adults  used  their  bills  freely  when  caught  and  handled, 
but  I  never  heard  them  utter  any  sound ;  though  the  young 
ones,  when  brought  into  the  light  of  day,  indicated  their 
dislike  to  it  by  a  feeble  cheep.  I  never  saw  the  birds  coming 
to  or  leaving  their  nests :  this  they  appear  to  do  entirely 
under  cover  of  night,  or  in  the  dusk  of  the  evening  and 
morning;  and  I  was  sorry  that  a  heavy  fall  of  rain  on  the 
evening  I  had  arranged  to  spend  in  their  haunts  prevented 
me  verifying  this  part  of  their  habits.  The  old  man,  who, 
on  the  occasion  of  my  first  visit  to  the  colony,  acted  as  guide, 
and  directed  my  steps  among  the  cliSs,  insisted  that  it  was 
needless  to  let  the  birds  off  in  the  daytime,  as  they  would 
certainly  be  at  once  attacked  by  gulls  or  other  enemies,  and 
brought  to  an  untimely  end.  Suspecting,  however,  that  his 
fondness  for  them  in  a  cooked  state  had  prevented  him  from 
ever  trying  the  experiment,  I  drew  one  out  of  its  burrow  and 
threw  it  into  the  air,  when  it  instantly  spread  its  wings  and 
sped  seawards  without  hindrance  of  any  kind.  From  the 
mouths  of  a  pair,  which  the  guide  reserved  for  the  pot,  a 
beautiful  green  fluid  exuded. 

82.  Puffinus  major  (Great  Shearwater). — Mr  Gray  in  his 
note  in  the  Society's  Proceedings  for  1 877-78,  already  referred 
to,  states  that  "one  or  two  larger  and  much  darker  birds 
were  observed  in  the  flock  "  (of  P.  angloi*um),  which  he  "  took 
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to  be  the  greater  shearwater  (/*.  major)."^  The  fact  that  they 
were  so  dark  in  colour  would,  however,  appear  rather  to 
pomt  to  another  species,  the  sooty  shearwater  (P.  griseus)., 
long  mistaken  for  the  youug  of  P.  major. 

83.  Tlutlassidroma  Leachii  (Fork-tailed  Petrel). — Mr  Gray, 
in  his  "  Birds  of  the  West  of  Scotland,"  mentions  Ei^  as 
one  of  the  islands  from  which  he  had  ohtained  specimens  of 
this  Petrel, 

84.  Thalassidrointi  pdagica  (Storm  Petrel). — In  the  same 
work  it  is  stated  that  a  colony  of  this  species  has  long  existed 
oti  Eigg.  The  author  informs  me  that  he  ohtained  most  of 
of  his  Eigg  records  from  the  late  Dr  Dewar  of  Glasgow. 


XXXVI.  Notr.   on   ihe   Brculiiuj   of  the   MarsHi    Tit   (Parus 
paluatris)  in  Stirlingshire  during  1884.     By  William 
Evans,  Esq.,  F.R.S.E.     [Nest  and  Eggs  exhibited.] 
(Raad  17tli  Deceoiber  1884,) 

The  nest  of  the  Marsh  Tit,  which  forms  the  subject  of  this 
note,  was  taken  at  Dnnipace,  near  Larbert,  the  residence  of 
Mr  J.  A.  Harvie-Erown,  on  the  24th  of  May  last.  Although 
the  actual  finding  of  this  nest  fell  to  my  lot,  the  credit  of  the 
discovery  really  belongs  to  Mr  Harvie-Erown,  who  has  for  a 
number  of  years  been  aware  of  the  presence  of  the  species 
on  his  property,  as  well  as  in  other  parts  of  Stirlingshire, 
during  both  spring  and  autumn, — more  especially  the  latter ; 
and  a  pair  having  been  observed  haunting  a  small  wooded 
glen  near  the  mansion-house  rather  later  than  usual  last 
spring,  a  search  for  the  nest  was  instituted,  with  the  result 
that,  on  the  8th  of  May,  a  partially  formed  nesting-hole  was 
discovered  in  one  of  the  half-decayed  paling  stobs  or  stakes 
with  which  the  old  thorn  hedge,  that  skirts  the  glen  and 
separates  it  from  the  adjoining  field,  is  studded.  As  Mr 
Harvie-Erown  was  under  the  necessity  of  leaving  home  for  a 
few  weeks,  he  was  unable  personally  to  follow  up  his  dis- 

*  The  Bev.  H.  A.  Hacplieraon  infoima  tlie  Editor  that  he  obtained  a 
spocimeD  of  the  Greater  Sheaitrater  on  the  coast  of  Skj'e  in  July  1885, 
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covery,  and  was  good  enough  to  leave  the  matter  in  my 
hands.  Having  allowed  the  birds  sufficient  time  for  the 
completion  of  their  task,  I  visited  the  spot  on  the  24th  of 
May,  but  was  disappointed  to  find  that,  from  some  cause  or 
other,  they  had  abandoned  the  njBst  at  which  they  had  been 
found  working  on  the  8th  of  the  month.  As  they  were  not 
likely  to  have  removed  to  any  great  distance,  I  proceeded  to 
examine  all  the  suitable  stobs  along  the  hedge,  and  had  not 
gone  far  when  I  had  the  pleasure  of  seeing  a  Marsh  Tit 
scramble  out  of  a  small  hole  in  the  side  of  one  of  these 
stakes.  I  watched  the  bird  enter  and  leave  the  nest  several 
times ;  and,  for  the  sake  of  complete  identification,  after- 
wards caught  it,  settmg  it,  however,  immediately  at  liberty 
again.  The  male  bird  was  rather  shy,  but  his  loud  tzay, 
tzai/f  tzay,  was  heard  continually  sounding  through  the  wood. 
Having  thus  put  the  question  of  identity  beyond  all  doubt, 
I  carried  off  the  stake,  the  greater  part  of  which  you  have 
now  before  you. 

There  are  one  or  two  points  about  this  post  or  stake  to  which 
you  will  perhaps  permit  me  to  draw  attention.  It  has  been 
formed,  you  will  observe,  by  splitting  a  section  of  a  spruce 
of  about  6  inches  diameter,  into  four.  A  cross  section  would 
thus  be  broadly  wedge-shaped, — in  fact,  the  quarter  of  a  circle, 
—the  sides  containing  the  point  of  the  wedge  measuring  about 
3*  inches,  and  the  rounded  or  outside  part  about  4J  inches. 
The  utmost  inscribed  circle  which  such  a  section  would  con- 
tain, would  have  a  diameter  of  about  2  J  inches ;  and,  if  we 
make  allowance  for  the  walls  of  the  chamber,  it  will  be  seen 
how  very  limited  was  the  space  in  which  the  tiny  excavators 
had  to  work.  The  hole  has  been  penetrated  entirely  by 
their  own  labour.  The  rounded  part  of  the  stob,  which 
must  of  course  have  formed  part  of  the  exterior  of  the  tree, 
and  has  still  some  of  the  bark  adhering  to  it,  is  com- 
paratively soft  and  easy  to  penetrate.  The  other  sides,  how- 
ever, are  much  firmer,  but  within  these  walls  the  wood  is 
quite  decayed  and  soft  The  rounded  side  being  the  softest, 
is  naturally  that  in  which  the  entrance  has  been  made. 
Laterally,  the  entrance,  which  has  unfortunately  been 
slightly  damaged,  is  scarcely  an  inch  wide,  and  the  depth 
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of  the  hole  is  about  9  iuches.  The  lining,  or  nest  proper,  is 
composed  principally  of  rabbit  fur,  mixed  with  scales  of  the 
leaf  bnds  of  trees,— mostly  beech, — and  other  soft  materials. 
The  inside  measurement  of  the  bottom  of  the  neat  is  little 
if  anything  more  tlian  an  inch  and  a  c^uarter  across.  In  it 
lay  five  all  but  fresh  eggs  of  the  usual  titmouse  type.  They 
have,  however,  to  my  eye  a  higher  gloss  than  those  of  the 
other  British  species.  From  the  eagerness  of  the  bird  to 
return  to  the  nest  each  time  it  was  disturbed,  it  seems  pro- 
bable the  complement  of  e^s  was  complete  or  very  nearly 
so.  I  should  have  pointed  out  that  immediately  below  the 
iiole  containing  the  nest,  there  ia  a  second  chamber,  which 
had  most  probably  been  abandoned  in  consequence  of  the 
occurrence  of  a  knot  or  other  obstmction  in  the  wood,  and 
operations  recommenced  higher  up  the  stake. 

Though  compai-atively  common  in  many  parts  of  England, 
the  Marsh  Tit  appears  to  "be  a  decidedly  rare  and  local 
species  in  the  basin  of  the  Forth,  and  indeed  in  Scotland 
generally.  Although  convinced  I  have  previously  heard  its 
call-note  in  our  district,  it  was  not  till  my  visit  to  Dunipace 
last  May,  that  I  actually  saw  the  bird, — not,  however,  for 
the  first  time  in  my  experience,  as  I  had  already  become 
acquainted  with  it,  to  a  certain  extent,  both  in  Norway  and 
in  Switzerland.  Since  taking  the  nest  at  Dunipace,  I  have 
been  fortunate  enough  to  see  the  bird  in  our  own  county, 
Midlothian.  This  was  on  30th  August  last,  when  I  had 
an  excellent  view  of  a  pair  travelhng  in  company  with  Blue 
and  Greater  Tits,  about  two  miles  south  of  Midcalder 
station.  While  watching  this  pair,  I  observed  them  alight 
several  times  on  the  Bowers  of  the  Common  Eagwort,  a  liabit 
which  had  not  escaped  the  keen  observation  of  the  late 
Prof  MacGillivray,  who  remarked  that  he  had  seen  this  tit 
alight  on  herbaceous  plants,  especially  thistles.  No  doubt 
these  visits  to  the  flower-heads  of  the  Composite  are  made  in 
search  of  the  insects,  to  which  they  prove  so  attractive.  Mr 
Harvie-Brown  feels  sure  the  species  has  recently  bred  near 
Kippen,  in  Stirlingshire,  and  asserts  that  it  is  much  more 
common  in  that  county  in  autumn  than  it  used  to  be.  In 
ilacGiUivray's  day  it  was  considered  rare  in  Scotland,  and 
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he  gives  ^  full  particulars  of  two  nests,  discovered  by  his 
friend,  Mr  Weir,  in  the  trunks  of  decayed  Scots  firs  in  a 
plantation  near  Bathgate,  in  July  1838.  The  first  was  found 
on  the  22d  of  the  month,  and  .contained  five  young  birds;  the 
second  Was  found  on  the  28th,  and  contained  five  eggs. 
These  were  the  only  nests  Mr  Weir  had  known  in  the  long 
period  of  14  years.  Since  then  the  species  has  been  reported 
to  breed  in  several  parts  of  Scotland, — and  doubtless  has 
done  so  frequently, — but  I  do  not  think  that  a  really 
undoubted  nest  has  been  recorded,  from  the  valley  of  the 
Forth  at  any  rate,  since  the  two  found  by  Mr  Weir  in  1838, 
till  now. 


XXXVII.  Note  on  the  Contents  of  Two  Bits  of  Clay  from  the 
ElephaTit  Bed  at  Kilmaurs  in  1817.  By  James 
Bennie,  Esq.,  H.M.  Geological  Survey  of  Scotland. 

(Read  20th  May  1885.) 

The  two  bits  of  clay,  the  subject  of  this  note,  came  to 
Edinburgh  along  with  half  of  the  elephant  tusk  of  1817. 
They  were  sent  by  Mr  Alex.  Hood,  Surgeon  in  Kilmarnock, 
and  a  note  regarding  them  was  read  by  the  secretary,  Mr 
Patrick  Neill,  which  was  said  ^  to  give  a  "  more  particular 
description  of  the  fossil  tusks  than  a  notice  read  at  the 
meeting  of  June  7th  of  the  same  year."  *  It  is  added  that  Mr 
Hood  presented  the  part  of  the  tusk  he  sent  in  to  the  Society. 
That  "  more  particular  description  "  seems  not  to  have  been 
published  or  even  preserved,  nor  does  any  further  notice  of 
this  discovery  occur  till  1822,  when  Mr  Bald,  after  describ- 
ing his  discovery  of  the  tusk  of  an  elephant  at  Clifton  Hall, 
referred  to  the  previous  discovery  at  Kilmaurs,  and  gives  the 
following  particulars :  "  The  only  other  instance  I  know  of 
elephants  being  found  in  the  alluvial  cover  in  Scotland  was 
in  the  parish  of  Kilmaurs,  Ayrshire,  near  the  Carmel  Water, 
in  a  property  belonging  to  Lord  Eglinton.     They  were  dis- 

^  Hist.  Brit.  Birds,  ii.,  p.  448. 
^  Wern.  Mem.,  ii.,  p.  525. 
*  See  Wern.  Mem.,  ii.,  p.  662,  June  7,  1817. 
VOL.  VIII.  2  F 
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covered  in  the  beginning  of  January  1817  by  Mr  Eobert 
Brown,  tacksnoaE  of  the  sandstone  quarry  of  Greenhill,  while 
removing  the  earth  from  the  rock.  At  the  depth  of  17^  feet 
from  the  surface  he  discovered  two  tiisks,  one  of  which 
measured  3  feet  5^  inches  in  length  and  about  13J  inches  in 
circumference.  The  other  was  similar,  but  so  mncb  decayed, 
that  it  conld  not  be  preserved.  .  .  .  The  tuaks  were 
found  lying  in  a  horizontal  position,  with  several  small 
bones  near  them,  and  it  is  particularly  to  be  remarked  that 
several  inariuc  shells  were  found  amongat  the  dark  coloured 
earth.  The  tuak,"  Mr  Bald  continues,  "weighed  20^  lbs. 
Englisli  weight,  and  was  sent  to  the  Earl  of  Eglinton,  It 
was  afterwards  cut  through  across,  and  one  part  of  it  is  to  be 
seen  in  the  saloon  at  Eglinton  Castle,  the  other  was  sent  to 
the  College  Museum  at  Edinburgh.  The  exterior  ia  of  a 
brown  colour  and  very  bard,  but  the  gi'eater  part  of  the 
interior  is  much  decomposed,  has  lost  the  ivory  texture,  and 
though  not  absolutely  soft,  is  similar  in  appearance  to  half 
rotten  wood."  ^ 

Other  tnska  were  subsequently  found  in  the  same  quaiTy — 
one  which  is  in  the  Museum  of  Anderson's  College,  Glasgow, 
and  two  which  are  in  the  Hunterian  Museum  of  the  Uni- 
versity of  Glasgow — in  aU,  nine  tusks  have  been  found  at 
Kilmaurs,  representing,  as  I)r  Scouler  humorously  remarked 
to  Mr  Geikie,  "  at  least  four  and  a  half  elephants," 

The  detailed  notices  of  aU  the  "  finds  "  may  be  found  in 
the  paper  by  Mr  Bald  in  vol.  iv.  of  the  Memoirs  of  the 
Wernerian  Society ;  in  the  "Glacial  Drift  of  Scotland,"  by  Pro- 
fessor Archibald  Geikie,  in  the  first  volume  of  the  Transac- 
tions of  the  Geological  Society  of  Glasgow ;  in  the  paper  by  Dr 
Eryce  in  vol.  xxi.  of  the  Quarterly  Journal  of  tlie  Geological 
Society ;  and  in  an  elaborate  paper  by  Mr  John  Young  of  the 
Hunterian  Museum,  Glasgow,  and  Mr  Kobert  Craig  of  Laug- 
side,  Beith,  in  the  TransactioTis  of  the  Geological  Society  of 
Glasgow,  vol.  iii.,  p.  310,  From  these  various  papers  we 
learn  that  the  tusks  were  found  in  a  bed  of  clay  and  sand, 
which  was  overlaid  by  a  superincumbent  mass  of  boulder 
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clay,  varying  in  thickness  from  17  feet  in  1817  to  36  feet,  as 
proved  by  Dr  Bryce  in  1866.  The  difference  in  thickness 
was  due  to  the  quarry  having  been  commenced  in  the  slope 
of  a  boulder  clay  hillock,  where  the  clay  was  shallowest,  but 
which  increased  in  thickness  as  the  quarry  was  carried 
forward.  The  bed  of  clay  and  sand  in  which  the  tusks  lay 
rented  on  a  "  bed  of  gravel  and  rolled  stones,"  as  recorded  in 
the  Ayr  Observer  newspaper  of  23d  January  1817. 

Having  given  in  these  prefatory  remarks  some  of  the 
dates  and  circumstances  of  the  discovery  of  the  elephant 
remains  at  Kilmaurs,  I  come  now  to  the  incidents  upon 
which  this  note  is  founded.  In  the  year  1878,  the  Council 
of  the  Eoyal  Society  of  Edinburgh,  finding  themselves 
hampered  for  room  to  store  their  books,  resolved  to  clear  the 
museum  attached  to  the  library  of  a  large  number  of  speci- 
mens, and  give  them  to  the  University  of  Edinburgh  for  the 
use  of  the  Professor  of  Geology,  who  at  that  date  was 
Professor  Archibald  Geikie.  In  looking  over  them,  a  portion 
of  an  elephant's  tusk  was  found  with  a  label  pasted  on  it, 
which  proved  it  to  be  the  half  of  the  tusk  of  1817  refeiTed 
to  in  the  minutes  of  the  Wernerian  Society  of  20th  Decem- 
ber 1817.  Along  with  the  tusk  was  a  small  paper  parcel,  in 
which  were  several  specimens  of  stones  and  clay  and  two 
fragments  of  bones,  and  a  piece  of  paper,  on  which  was 
written  that  they  were  referred  to  in  the  note  accompanying 
the  tusk.  Professor  Geikie  took  the  tusk  and  placed  it  in 
his  class  museum,  where  it  has  remained  ever  since,  being 
used  in  illustrating  his  lectures.  While  examining  the  paper 
parcel,  I,  remembering  that  Mr  John  Young  had  washed  a  bit 
of  clay  which  had  been  sent  with  the  tusk  which  had  been 
placed  in  the  Hunterian  Museum,  and  found  in  it  numerous 
seeds  of  water  plants,  suggested,  that  the  two  bits  of  clay  might 
be  washed  with  a  like  result.  This  suggestion  was  not  acted 
upon,  and  the  specimens  were  parcelled  up  again  and  put 
aside  in  the  storeroom  of  the  Geological  Survey.  About  two 
years  ago,  while  searching  for  other  things,  I  came  accident- 
ally upon  the  parcel,  and  having  time  then,  thought  I  might 
try  to  wash  a  small  crumb  of  one  of  the  bits  of  clay.  The 
result  was  satisfactory,  and  I  washed  the  greater  part  of  that 
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bit  and  the  whole  of  the  other.  The  first  bit  I  washed  was 
about  4  inches  square  and  less  than  1  inch  in  thickness. 
The  contents  were  one  valve  of  Astrarte  compressa,  a  few 
valves  of  Zeda  pygman,  and  a  goodly  number  of  Foraminifera 
and  Ostracoda.  These  I  mounted  on  slides,  and  sent  the 
Foraminifera  to  Mr  Henry  B.  Brady,  wlio  at  once  very  kindly 
named  them,  and  the  Ostracoda  to  Mr  David  Robertson,  who 
as  kindly  named  them,  and  to  both  my  warmest  thanks  are 
due  for  the  trouble  they  have  taken  with  them. 

I               List  of  Foeaminifkra,  determined  by  H.  B,  Brady,  Esq.,         ^h 

F.RS.,  December  1883.  ^M 

Xiliolina  Btmmulum,  Lion.                   Kolalia  Bttcarii,  Linn.  ^^| 

atanduliyia  kengata,  D'Orb.                  Folyalomdia  atnaio-panelaia,  F.   and         ^^| 

Polymorpkiiia  laalea,  V.  and  J.                     M.  ^^M 

Oiutidviina  eraaaa,  D'Orb.                      Ifailianina  ssapha,  F.  and  M.  ^^| 

Tmncal/alimt  lobatuU,  Walter.                     „         arUeiilaris,  Brady.  ^H 

In  all  nine  species.  Of  their  character  Mr  Brady  says ; 
"  They  are  a  starved  lot  from  shallow  water  depth,  certainly 
not  more  than  100  fathoms — probably  not  more  than  50  h 

fathoms — all  more  or  less  arctic."  ^H 

List  of  Ostracoda,  determined  by  David  Robertson,  Esq., 

F.L.S.,  January  1884. 
CytheTidt^  sarhyajui,  Jones.  Cijthen  viridis,  lliiller. 

„         papulosa,  Bosg.  (Young).  „      mimhilU,  Brady. 

„         jmiidillata,  Brady.  ,,       concinna,  Jones. 

Cyth^opleron  latisaimifm,,  Norman.  „       timicola,  Norman, 

Cijtliere  dun^lmensis,  Norman.  EuBylMre  argus,  Sara. 

In  all  ten  species  of  Ostracoda,  As  to  their  character,  Mr 
Robertson  says ;  "  They  are  generally  of  a  decided  arctic 
character,  and  much  like  those  got  in  the  deposits  at  Elie, 
Errol,  and  Barrie.  It  is  clear  from  the  contents  that  this  bit 
of  clay  was  of  marine  origin  and  much  of  the  same  character 
as  the  glacial  clays  of  Paisley  and  Glasgow." 

The  other  bit  of  clay  was  red  in  colour  and  much  coarser 
in  grain.  On  being  placed  in  water  it  dissolved  readily,  and 
released  its  contents,  which,  being  mostly  seeds,  immediately 
floated,  and  were  secured  without  difticulty.  Tliese  Mr  Robert 
Kidston  very  kindly  undertook  to  get  named  for  me,  and  has 
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submitted  them  to  Mr  Bennett  of  Croydon,  who  has  made  a 
special  study  of  the  Potamogetons.  Mr  Bennett  reports  one 
kind  to  be  a  Potamogeton,  whose  affinity  is  doubtless  with 
P,  Tufescens,  Schrad ;  another  Potamogeton,  whose  affinity  is 
with  P.  Zizii  and  P.  heterophyllus ;  and  also  several  seeds  of 
Cfhara. 

The  other  seeds,  comprising  three  or  four  different  kinds, 
have  not  yet  been  fully  determined.  Mr  Kidston  says  "  that 
some  of  them  certainly  are  those  of  the  water  Ranunculus, 
and  others  may  be  the  fruit  of  Carex  and  Polygonum,  There 
were  also  many  fragments  of  the  dried  stems  of  thread-like 
plants  whose  character  could  not  be  made  out.  Nearly  the 
whole  body  of  a  very  small  beetle  and  two  fragments  of 
another  turned  up  in  the  seedy  clay.  Several  other  organ- 
isms, small,  cylindrical,  and  cocoon-like,  also  occurred." 

Such  are  the  contents  of  these  two  bits  of  clay  so  far  as 
yet  determined.  One  speaks  of  the  sea  and  the  other  of  the 
land,  and  both  of  a  time  when  the  cattle  of  Ayrshire  were 
the  reindeer  and  the  mammoth,  and  the  valley  of  the  Carmel 
Water  was  the  haunt  of  the  walrus  and  the  whale — larger 
mammals,  no  doubt,  but  not  to  be  preferred  either  in  beauty 
or  utility  to  the  small  variegated  kye  which  are  now  the 
pride  and  glory  of  Ayrshire.^ 

The  Position  and  Age  of  the  Elephant  Bed  at  Kilmaurs, 

This  is  rather  a  vexed  question,  and  I  refer  to  it  princi- 
pally to  correct  one  or  two  erroneous  statements  regarding  it. 
Mr  Bald,  whose  record  was  written  in  1821,  only  four  years 
after  the  finding  of  the  first  tusk,  and  which  is  the  best 

^  The  specimens  referred  to  in  the  notice  read  at  the  "Weraerian  Society, 
Dec.  20,  1817,  were  exhibited  to  the  Royal  Physical  Society  when  this  note 
was  read.  They  consisted  of  (1. )  portion  of  the  leg  bone  of  probably  a  deer ; 
(2.)  fragment  of  bone  ;  (3.)  remainder  of  marine  clay  not  washed ;  (4.)  seedy 
clay,  as  it  was  aU  washed  only  the  seeds  were  exhibited  ;  (5. )  clay,  probably 
boulder-clay  ;  (6.)  portion  of  cast  in  sandstone  of  a  carboniferous  plant ;  (7.) 
two  fragments  of  limestone  with  striated  surfaces  ;  (8. )  piece  of  sandstone, 
probably  tlie  rock  quarried ;  also  two  fragments  of  coal  and  one  piece  of 
pyritous  sandstone.  The  original  numbers  were  still  on  the  specimens  except 
No.  4.  The  fragments  of  coal  and  pyritous  sandstone  seem  never  to  have 
been  numbered. 
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aocount  yet  given  of  the  tusk  of  1817,  was  of  opinion  that  it 
■was  not  found  like  the  tuali  of  Clifton  Hall  in  the  boulder- 
clay,  which  be  designated  the  old  alluvial  cover,  but  in  the 
recent  alluvial  cover,  which  he  consideFed  proved  by  the 
marine  shells  found  with  it  Dr  Scouler,  who  Cumiahed  the 
particulars  regarding  the  Kilmaurs  elephants,  published  by 
Mr  Smith  of  Jordanhill  in  the  "Wernerian  Memoirs"  in 
1838,  judging  from  what  he  found  himself — "  a  molar  tooth 
on  the  clay  heaps  " — concluded  that  the  remains  were  really 
in  the  boulder-clay.  Dr  Biyce,  however,  in  1866,  by  opening 
the  quarry  again  of  set  purpose,  found  that  the  elephant 
remains  were  actually  got  in  beds  under  16  feet  of  real 
boulder-clay  and  20  feet  of  wliat  he  called  upper  drifts,  and 
of  course  concluded  that  their  age  and  position  was  pre- 
glaeial.  The  same  opinion  was  adopted  by  Messrs  Young 
and  Craig  in  their  elaborate  "  Notes  on  the  occiurence  of 
beds  of  fresh-water  plants  and  arctic  shells,  along  with  the 
remains  of  the  mammoth  and  reindeer  in  beds  under  the 
houlder-clay,"'  in  which  in  great  detail  is  given  their  dis- 
covery of  the  peat  bed  and  arctic  shell  bed  in  numerous  pit 
sections  in  and  around  Kilmaurs,  with  lists  of  tlie  seeds  and 
shells  found  in  them.  From  the  evidence  gained  by  their 
discoveries,  heyond  what  was  formerly  known,  they  concluded 
"  that  it  tended  to  establish  in  a  clear  manner  the  existence 
of  two  sets  of  strata  of  different  origin  and  age  under  the 
boulder-clay  of  the  Carmel  valley  at  Kilmaurs^ — the  lower 
being  of  fresh-water  origin ;  the  upper  an  arctic  marine 
deposit;"  and  add,  without  giving  a  decided  expression  as 
to  the  particular  age  of  either  deposit,  "  we  are,  however, 
inclined  to  view  them  as  pre-glacial  remnants  of  the  oldest 
post-tertiary  beds  yet  discovered  in  the  west  of  Scotland, 
and  from  the  character  of  the  organisms,  marking,  as  it  were, 
the  dawn  of  the  glacial  period  in  this  country." 

In  the  explanation  to  sheet  22  of  the  Geological  Map  of 
Scotland,  published  in  1871,  an  opinion  is  given  that  the 
elephant  bed  at  Kilmaurs  was  interglacial  in  position  and 
age.     This  opinion  is  there  said  to  be  founded  on  "  an  exami- 

'  Trans.  Geol.  Soc.  of  Glasgow,  iiL,  p.  310. 
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nation  of  the  numerous  bores  and  pit  sections  which  have 
been  made  in  the  course  of  mining  operations  in  the  Kil- 
maurs  district,  which  showed  that  the  boulder-clay  there 
contains  interstratified  beds  of  sand,  gravel,  and  clay.  Where 
the  level  of  the  surface  of  the  solid  rocks  rises  towards  the 
surface  of  the  ground  the  intercalated  strata  of  sand  die  oflf 
against  the  slope  until  the  rocks  come  to  be  covered  directly 
by  the  overlying  boulder-clay.  Where,  on  the  other  hand, 
the  level  of  the  rocks  sinks,  as  it  does  southward  and  west- 
ward, it  passes  beneath  the  horizon  of  the  sand  beds,  and  a 
lower  boulder-clay  makes  its  appearance  under  these  beds. 
There  cannot  be  any  doubt  that  the  strata  containing  the 
organic  remains  were  formed  during  the  deposition  of  the 
boulder-clay  which  lies  beneath  and  above  them,  and  that 
the  cause  of  their  sometimes  being  found  to  rest  on  the  solid 
rock  without  a  lower  mass  of  boulder-clay  is  due  to  the 
irregularity  of  the  surface  on  which  the  whole  of  these  drift 
deposits  were  laid  down. 

"  The  peaty  matter  and  the  bones  of  the  mammoth  and 
rein-deer  found  at  Kilmaurs  are  thus,"  it  is  concluded, 
"strictly  parallel  to  those  found  in  similar  condition  at 
Airdrie.  They  probably  indicate  the  passing  of  what  have 
been  called  interglacial  warm  periods  or  seasons,  when  the 
covering  of  ice  upon  the  country  had  retired  sufl&ciently  to 
permit  an  arctic  vegetation  to  spring  up  on  the  land  and 
some  of  the  larger  northern  mammals  to  roam  over  it." 

Messrs  Craig  and  Young  exhibited  at  the  meeting  of  the 
Geological  Society  of  Glasgow  on  12th  January  1882  a 
portion  of  a  tusk  of  the  mammoth  and  a  number  of  arctic 
shells  recently  obtained  by  them  from  the  sinking  of  a  pit 
near  Dreghorn,  nearly  3  miles  from  Kilmaurs.  These  remains 
are  stated  to  have  been  found  on  a  series  of  muddy  sand  beds 
resting  directly  on  the  carboniferous  strata,  at  a  depth  of 
nearly  90  feet  from  the  surface,  and  underlying  the  lower 
boulder-clay  of  the  district,  and  in  reference  to  the  statement 
just  quoted  from  the  explanation  to  sheet  22  they  say  "that 
that  fact — namely,  that  the  beds  containing  the  arctic  shells 
and  the  elephant  remains  rested  directly  on  the  carboniferous 
strata  at  Dreghorn — ^proved  that  the  statement  requires  cor- 
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rection,  for  that  there  was  no  evidence  -whatever  for  it,  but 
rather  directly  against  it,"  and  they  reiterate  their  opinion 
that  these  deposits  are  of  preglacial  age. 

But  from  a  paper  which  appeared  in  the  Irvine  Serald 
newspaper  of  date  4th  October  1884,  and  evidently  written 
by  Mr  Craig,  it  appears  that  the  statement  that  the  elephant 
beds  rested  directly  on  the  carboniferous  strata  was  founded 
upon  some  misconception  or  mistake,  for  it  is  there  distinctly 
stated  that  below  the  shell  bed  in  which  the  tusk  of  1882  at 
Dreghorn  was  found  there  "  lies  20  feet  of  sand  and  gravel 
resting  upon  the  carboniferous  strata ;  and  further,  in  trying 
to  fix  the  age  of  the  beds,"  Mr  Craig  says  "  that  the  physical 
evidence  is  against  the  use  of  the  term  '  preglacial,'  because 
that  in  the  large  accumulation  of  the  sand  and  gravel  beds  that 
lie  between  the  carboniferous  strata  and  the  shell  and  mam- 
moth beds,  houlders  of  West  Highland  rocks  are  abundant." 
These  are,  he  continues,  "granites,  schists,  clay  slates,  and  other 
rocks  such  as  are  found  in  the  boulder-clay  that  rests  upon 
the  mammoth  and  shell  beds."  "  These  boulders,"  he  further 
continues,  "  are  not  of  large  size,  and  are  apparently  beacli- 
worn ;  still  they  could  only  be  brought  into  their  present  con- 
dition either  through  the  agency  of  drift  or  land  ice."  "These 
erratics,"  he  further  states,  "  are  found  from  the  bottom  to 
the  top  of  the  sand  beds,  and  whatever  method  of  transport 
be  adopted,  the  long  period  that  must  have  elapsed  during  the 
accumulation  of  the  boulders  by  whatever  means  is  not 
favourable  to  the  preglacial  formation  of  these  fossiliferous 
beds."  "The  term  interglacial,"  Mr  Craig  continues,  "is 
scarcely  less  objectionable.  There  is  no  satisfactory  evidence 
that  any  of  these  sand  and  gravel  beds  are  the  production  of 
land  ice.  There  has  indeed  been  found  in  a  few  bores  wide 
apart,  and  not  always  on  the  same  horizon,  a  clay  or  sand 
mixed  with  gravel.  This  might  have  been  brought  by  the 
same  agent  that  carried  the  boulders — drift  ice.  The  regular 
division  of  the  deposit  into  beds,  and,  as  far  as  pits  have  shown, 
into  beds  that  are  laminated,  is  not  favourable  to  deposition  by 
land  ice,  but  on  the  contrary,  in  favour  of  a  water  origin — 
still  the  term  (interglacial)  is  more  preferable  to  the  mam- 
moth beds  at  least  than  preglacial,  seeing  that  the  underlying 
beds  have  a  glacial  relation." 
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In  conclusion,  I  think  the  suggestion  may  be  hazarded 
that  this  20  feet  of  sand  and  gravel,  full  from  bottom  to  top 
of  West  Highland  blocks,  which  Mr  Craig  clearly  states  lies 
between  the  carboniferous  strata  and  the  mammoth  beds, 
shows  that  the  statement  in  the  explanation  to  sheet  22 
requires  not  correction  but  expansion — and  that  if  in  addition 
to  the  warm  interglacial  season  it  predicates  to  account  for 
the  retirement  of  ice  from  the  land  to  permit  an  arctic 
vegetation  to  grow  on  it,  and  some  of  the  larger  northern 
mammals  to  roam  over  it,  we  must  also  suppose  a  partial 
submergence,  during  which  the  lower  boulder-clay  in  certain 
places  was  by  water  reasserted  into  sand,  gravel,  and  mud, 
and  redeposited  with  its  boulders  water-worn,  as  the  laminated 
beds  so  graphically  described  by  Mr  Craig. 


XXXVIII.  Observations  on  Living  Cephalopoda.  By  W1LLIA.M 
E.  HOYLB,  Esq.,  M.A.  (Oxon.),  M.E.C.S.,  F.RS.E. 

(Read  20th  May  1885.) 

Abstract. 

The  author  gave  a  very  brief  outline  of  the  organisation 
of  Octopus  and  Loligo,  and  some  account  of  their  general 
behaviour  and  movements  as  observed  in  the  aquarium  at 
Naples. 

Some  details  respecting  the  action  of  the  suckers  in 
Octopus,  and  the  motion  of  the  fins  in  Loligo,  were  also 
added. 


XXXIX.  Note  on  Loligo  Forbesii,  Steenstrup,  the  so-called 
L.  vulgaris  of  our  coasts.  By  William  E.  Hoyle,  Esq., 
M.A.  (Oxon.),  M.E.C.S.,  F.RS.E. 

(Read  20th  May  1885.) 

I  venture  to  bring  this  communication  before  the  Society 
this  evening,  not  on  the  ground  of  novelty,  but  because  the 


subject  in  question  is  of  importance  to  natiiraliBts  in  this 
district,  and  because  the  publication  of  this  note  may  lead 
to  the  correction  of  a  mistaken  piece  of  nomenclatare  which 
appears  in  many  of  our  museums. 

So  long  ago  aa  1857  Professor  Steenstrup  recognised  the 
distinctions  between  the  common  species  of  the  North  Sea 
and  that  of  the  Mediterranean,  and  pointed  them  out  in  his 
classic  treatise  on  the  Hectocotylus  formation/  from  which 
I  (^uote  the  passage  referring  to  this  matter : — 


"The  specific  distinctions  between  Loligo  vulgaris,  Lunk.,  Sind  Loligo 
Fvrbedi,  8tp.,  me  best  derired  from  the  form  and  si«o  of  the  euckera 
on  the  tentacleB :  in  L.  vulga/ns  of  tho  Mediterranean,  ua  described  and 
figured  by  D'Orbigny  and  Veranj,  and  also  in  v.  fonn  of  our  coaata 
which  may  cartaiidy  ba  regarded  as  L.  vulgaris,  these  are  very  large  iu 
the  two  central  rowa  and  very  small  in  tbe  lateral  rows,  bo  that  a  trana- 
verae  section  of  the  lattor  is  only  half  that  of  tlie  former,  and  their  heigbt 
only  one-third ;  whilst  in  L.  Forbcsii,  Stp, ,  the  suckers  of  the  central  rows 
Hsrcely  exceed  those  of  the  lateral  tows,  either  in  transverse  section  or  in 
height ;  and,  on  the  whole,  it  appears  aa  if  the  club  of  the  tentacle  had  four 
Beriea  of  anckers  of  eqaal  size.  In  comparison  with  the  snckers  of  the  anna, 
the  disks  of  tbe  central  rows  of  the  tentacles  in  Loligo  valgaris  are  froni  two  to 
three  times  as      g  ge     di  rm  aj 
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sold  to  the  line  fishermen  for  bait.  It  is,  I  am  told,  no 
uncommon  thing  for  two  or  three  hundred  to  be  captured 
at  once.  The  autumn  appears  to  be  the  season  of  the 
greatest  abundance,  but  seeing  that  the  spawn  is  very 
commonly  taken  in  the  spring  also,  it  can  hardly  be  that 
they  approach  our  shores  at  that  period  for  the  purpose  of 
depositing  it 

The  males  are  more  common  than  the  females, — indeed, 
at  the  time  of  writing  the  paper  above  quoted,  Professor 
Steenstrup  had  not  seen  the  latter.  Of  nine  specimens  in 
my  possession,  seven  are  males  and  two  females. 

Whether  the  true  Loligo  vulgaris  occurs  on  the  British 
coast,  I  cannot  say  from  my  own  observation ;  and  owing  to 
the  confusion  which  exists  in  the  nomenclature  of  the  sub- 
ject, it  is  impossible  to  ascertain  from  the  descriptions  of 
others. 

In  conclusion,  I  append  a  synonymy  of  the  species  and  a 
tabular  statement  of  its  differences  from  the  typical  L. 
vulgaris. 

Loligo  Forbesii,  Steenstrup. 

1758.  Loligo ,  Borlase  (?),  Nat.  Hist.  Cornwall,  p.  260,  pi.  xxv.,  fig. 

xxvii.,  Oxford.^ 

1853.  „       vulgaris^  Forbes  and  Hanley,  Brit.  Moll.,  vol.  iy.,  p.  226, 

vol.  i.,  pi.  LLL. 

1854.  ,,       sp.,  Stp.,  Foredrag  om  Somunken. 

1856.      „      Forbesii,  Stp.,  K.  dansk.  Vid.  Selsk.  Skr.,  Rk.  5,  Bd.  iy.,  p.  189. 
1858.       „      magTUi,  Adams,  H.  and  A.,  Gen.  Bee.  Moll.,  pi.  iv.,  fig.  3. 
1860.       „      Forbesii,  Malm,  Nya  fiskar,  etc.,  Gotheborg  Handl.,  viii,  p. 

132. 
1869.      „  ,,        Fischer,  Joum.  Conch.,  s^r.  3,  t.  ix.,  pp.  128-130. 

1869.       ,,      vulgaris,  Jeffreys,  Brit  Conch.,  vol.  v.,  p.  130,  pi.  v.,  fig.  2. 
1869.      ,,      Forbesii,  Targioni-Tozzetti,  Comment.  Cefalop.   Medit,  Bull. 

malacol.  ital.,  ann.  ii.,  pp.  33,  35  (sep.  copy). 
1872.       ,,  „        Fischer,  Joum.  Conch.,  s4r.  3,  t.  xii.,  p.  23. 

1879.      „  ,,       Tryon,  Man.  Conch.,  voL  i.,  p.  147. 

Habitat. — Firth  of  Forth ;  North  Sea  and  coasts  of  Great  Britain ;  Oceanic 
coasts  of  France  ;  Scandinavia. 


^  Gray  (Brit.  Mus.  Cat.,  p.  70, 1849)  gives  this  reference  as  Loligo  Biscale, 
p.  226,  but  indicating  the  same  figure ;  I  give  it  as  I  found  it  in  the  copy 
in  the  Advocates'  Library,  Edinburgh. 


Loligo  vulrfWi 


,  Lamk. 


Two  large  and  two  small  rosra  of 
anckers  od  the  tentacles,  tiio  former 
twice  as  broad  aud  tlircc  times  aa 
higli  aa  tbe  latter. 

Largest  tentaciUar  Backers  two  to 
tbree  times  »£  large  as  those  of  third 

Homy  ring  of  central  row  of  euckera 
finely  toothed  only  in  distal  Iia,If,  or 
hears  only  a  group  of  four  or  five 
GmaLl  bluut  teeth.' 

Suckers  of  lateral  seritB  have  high 
pointed  teeth  in  the  distal  haK,  and 
are  elsewhere  toothleas,  or  with  very 
small  teeth. 

ChroBiBtophorea  distributed  evenly 
and  not  collected  into  bands. 


Loligo  Forhesii,  Stp. 
oar  anb-Dqual  rows  of  suukcrs  c 


Largest  tcntatnlar  auekera  scarcely 
one-third  to  one-balf  larger  than 
largest  on  third  sessile  arm. 

Horny  ting  of  central  row  of 
Buekers  finely  toothed  all  round,  teeth 
larga  and  small  alternately. 

Suckers  of  laterel  series  comidetely 
set  with  teeth  of  sub -equal  size, 
though  somewhat  smaller  on  the 
proiimal  half, 

Chromatophores  united  into  broad 
hands  of  colour  down  either  side. 


XL,  Casemts  Tumours  found  in  the  Muscles  of  the  Halce.  By 
G.  Sims  Woodhead,  Esq.,  M.D.,  r.E.C.P.ED.  [Plate 
XSIII] 

(Read  18th  March  1885.) 

Dr  Eamsay  Traquair  Las  placed  in  my  hands  portions  of 
the  muscle  of  a  large  hake  which  have  been  forwarded  to 
him  from  the  North  of  Scotland.  The  following  is  a  note 
of  the  appearances  presented  on  naked  eye  and  microscopic 
examination. 

The  specimens  consist  of  small  masses  of  the  dorsal  and 
lateral  muscles  of  a  large  hake.  They  are  preserved  in 
methylated  spirit,  and  for  the  most  part  are  perfectly 
bleached.  On  examining  more  carefully,  it  is  found  that 
in   the   centre  of  the  largest   piece   of  muscle   there  is  a 

'  On  the  basis  of  these  differences  L.  mtlgaris  has  been  divided  by  Professor 
Tai'gioni-Tozzetti  {"Comment.  Cefalop.  Medit."— £uW.  malacol.  ilal.,  anno 
ii.,  ]ip.  35,  36,  1869)  into  two  species,— one  found  in  the  North  Sea,  for 
which  he  retains  the  original  name,  and  the  other  found  in  the  Mediter- 
ranean, which  ho  terms  L.  mediterrmiea.  The  material  in  my  hands  is  not 
aufficient  to  enable  me  to  form  an  opinion  as  to  the  necessity  for  this  step  : 
Dr  Paul  Fischer  has  not  approved  it  (Joitrti.  Conch.,  aer.  3,  t.  lii.,  p.  21, 
1872). 
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dark  mass,  which,  shining  through  the  pale  muscle,  renders 
one  point  considerably  darker  than  the  surrounding  tissue. 
On  section  through  the  middle  of  this  dark  point,  a  cavity 
half-an-inch  in  diameter  is  found.  This  is  bounded  by  a 
narrow  zone  of  fibrous-looking  tissue,  which  forms  the 
wall  of  the  cavity,  and  intervenes  between  it  and  the 
surrounding  muscular  tissue.  This  zone  is  translucent  and 
grey,  without  a  tinge  of  the  yellow  observed  in  the  muscles. 
Within  the  cavity  and  attached,  apparently  only  at  a  single 
point,  is  a  firm  nodular  mass  of  about  the  consistency  of 
beeswax.  It  is  much  browner  than  the  surrounding  tissues, 
and  running  through  it  are  deep  brown  streaks,  almost  like 
old  blood  pigment  stains.  There  is  no  fibrillation  of  the 
mass,  which  breaks  down  irregularly,  and  has  no  definite  line 
of  fracture.  In  some  of  the  smaller  pieces  of  muscle,  similar 
cavities  and  nodules  are  seen ;  they  are  much  smaller ;  the 
nodules  are  not  so  deeply  stained,  are  attached  almost  con- 
tinuously to  the  walls  of  the  cavity,  and  are  not  quite  so 
brittle. 

On  making  a  microscopic  examination  of  the  tissue  which 
lies  outside  the  fibrous-looking  lining  of  the  cavity,  the 
following  appearances  may  be  distinguished.  The  striped 
muscular  fibres  first  attract  one's  attention,  as  they  seem  to 
have  undergone  a  peculiar  vitreous  degeneration  at  irregular 
intervals  along  their  whole  length.  I  say  at  irregular 
intervals,  but  perhaps  it  would  be  better  to  say  that  in  some 
of  the  fibres  the  vitreous  patches  appear  at  regular  intervals 
along  their  course,  whilst  in  others,  the  whole  of  the 
muscular  elements  have  become  transformed  into  this  peculiar 
material. 

Wherever  this  change  has  occurred  the  fibres  are  fractured 
irregularly,  usually  at  right  angles  to  the  longitudinal  axis 
of  the  muscle  (PL  XXIII.,  Fig.  2).  Nearer  the  cavity  the 
muscle  fibres  are  also  markedly  atrophied  (Fig.  1,  d,  e); 
they  do  not  measure  more  than  one-fourth  of  the  diameter 
of  the  normal  fibres.  Between  the  atropliied  and  degenerated 
fibres  in  this  position  there  is  an  increase  in  the  quantity 
of  connective  tissue,  which  is  made  up  of  small  round  and 
slightly  elongated  cells,  with  a  few  fibrils  and  older  connec-, 
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tive  tissue  corpuscles  at  intervals.    This  mixture  of  atrophied 

muscles  and  young  connective  tissue  is  gradually   lost  in 
what  was  above  described  under  the  naked  eye  as  the  "  zone 
of  fibrous- looking  tissue."     This  zone  consists  of  "granula- 
tion tissue,"  which  is  composed  of  young  connective  tissue, 
through   which   are  ramifying   numerous   embryonic    blood 
vessels   (Fig.   1,   c).      A  considerable  number  of  these  are 
in  the  form  of  loops,  the  convexity  of  each  loop  being  turned 
towards  the  cavity;    others  run  iiTegularly  and  in  various 
directions;  and  all   are    distended   with   blooj   corpuscles. 
Although  the  vessels  are  relatively  fewer  as  the  cavity  is 
neared,  numerous  blood  corpuscles  are  found  in  the  cavity, 
in  some  instances  forming  a   kind   of  lining.      The   large 
free  mass  lying  in  the  centre  or  in  the  cavity  (Fig.  1,  a) 
is  surrounded  by  a  thin  zone  of  young  connective  tissue 
cells,   with   here   and   there   a   few   blood   corpuscles ;   but 
blood  vessels  are  not  to  be  seen  in  any  part  of  this  thin 
connective  tissue  layer.     Surrounded  by  this  delicate  outer     • 
layer  is  a  large  muss  made  up  of  small  vitreous-looking 
patches  with  remains  of  muscular  tissue  in  an  advanced 
stage  of  degeneration.     The  individual  fibres  are  enormously 
swollen;  they   have   lost   all   trace   of    striation;   irregular 
fracture  has  taken  place ;  and  fissures  are  seen  running  in  all 
directious.     On  staining  with  osmic  acid,  a  few  fat  globules 
are  brought   into   prominence;  but  these  occupy  only  the 
spaces  at  the  margins  of  the  fibres,  and  in  some  eases  the 
larger  fissures.     The  greater  part  gives  no  fatty  reaction; 
with    methyl    violet    no    waxy   or    lardaceous   reaction   is 
obtained  at  any  point;  but  with  picro-carraine  there  is   a 
bright   translucent   yellow  reaction,  similar   t-o    that   given 
with  the  homy  layer  of  the  skin,  but  with  a  slight  rosy 
tinge.      Between   the   swollen,   fractured,  and    degenerated  . 
fibres  there  is  an  evident  increase  in  the  number  of  connec- 
tive tissue  cells.     At  no  point  have  I  as  yet  been  able  to 
find  a  parasite  of  any  description,  either  animal  or  vegetable, 
though,  from  the  large  amount  of  granulation  tissue  present, 
and  from  the  altered  condition  of  the  muscular  fibres,  I  was 
led  to  search  very  carefully  for    some   form    of    parasitic 
organism.      1  may  mention  that  numerous  parasites  were 
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found  in  other  positions,  as  in  the  submucous  tissue  of  the 
stomach,  the  gills,  etc. 

In  the  smaller  masses  above  described,  the  microscopic 
appearances  were  very  similar  to  those  met  with  in  the  larger 
mass,  but  here  the  continuity  between  the  two  zones  of  granu- 
lation tissue  (i.e,,  that  lining  the  cavity  and  that  surrounding 
the  degenerated  muscle  mass.  Fig.  1,  6,  c)  is  unbroken. 

Although  the  tumour  is  described  as  caseous,  it  appears 
that  this  degeneration  of  the  muscle  is  rather  of  the  form 
described  by  Zenker  as  the  waxy  or  vitreous  degeneration, 
one  of  the  forms  of  coagulation  necrosis.  According  to 
Ziegler^  there  is  great  tendency  to  the  loss  of  striation  of 
the  coagulated  muscle  elements  under  certain  conditions  in 
the  human  muscle.  He  says,  "Under  various  influences," 
.  .  •  **  as  after  bruising,  forcible  extension,  raising  of  the 
temperature,  or  febrile  disease,  the  muscle  substance  is  here 
and  there  disintegrated,  and  the  contractile  myosin  coagulates 
into  a  lustrous  homogeneous  mass.  This  mass  breaks  up 
into  shining  flaky  lumps."  He  further  says,  "  It  is  hardly 
ever  quite  absent  where  there  has  been  copious  exuda- 
tion." 

After  I  had  made  the  above  observations  I  came  across 
a  most  admirable  description  of  the  changes  found  at  the 
point  of  inoculation  for  Fowl  Cholera.^ 

M.  Cornil  describes  a  condition  almost  identical  with 
that  we  have  given  above. 

At  the  point  of  injection  "  the  muscle  has  lost  its  normal 
physical  characters.  In  place  of  being  pale,  white,  or  slightly 
pink,  semi-transparent  and  of  a  peculiar  elastic  softness,  it  is 
now  grey  and  opaque  with  lardaceous  appearance,  apparently 
dense  and  hard  but  in  reality  quite  friable.  It  may  be 
double  or  even  triple  its  normal  thickness  at  the  part  most 

1  Text  Book  of  Pathological  Anatomy.  Ziegler.  Translated  by  D. 
MacAlister.     Macmillan  &  Co.,  London,  1883. 

'  Observations  histologiques  sur  les  lesions  des  muscles  determinees  par 
I'injection  du  microbe  du  cliolera  des  poules,  sur  le  s^questre  et  sur  la  poche 
qui  le  contient — ^A.  V.  Cornil,  Arch,  de  Physiol.,  t.  x.,  1882,  p.  615.  Les 
Bact^ries  et  leur  rdle  dans  TAnatomie  et  I'histologie  Pathologiques  des 
Maladies  Infectieuses — ^A.  V.  Cornil,  et  V.  Babes.     Paris,  1885. 
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ftffected,  especially  in  the  immediate  neighbourhood  of 
puncture.  ...  In  the  central  mass  of  the  tumour, 
grey  infiltration  is  most  marked,  but  the  altered  muscle 
has  still  preserved  its  fasciculated  appearance,  and  it  is  easy 
to  see  with  the  naked  eye,  in  sections  parallel  to  the  long 
axis  of  the  fasciculi,  bands  more  opaque  and  yellower,  separat- 
ing the  grey  fasciculi.  The  opaque  hands  resulting  from  an 
inflammation  of  the  connective  tissue  situated  between  the 
secondary  muscle  fasciculi,  and  the  grey  fascicuh  are  neither 
more  nor  less  than  muscular  bundles.  The  lesion  is  least 
marked  at  the  periphery  of  the  tumour,  so  that  the  grey  and 
opaque  bands  are  irregularly  separated  by  pink  or  white  and 
semi-transparent  muscular  Bbres. 

"  One  sees,  in  fact,  at  the  periphery,  congestion,  and  a  dis- 
tension of  the  vessels  with  blood,  which  is  not  present  at  the 
centre  of  the  tumour."  ..."  Sections  made  of  a  piece 
of  this  tissue  hardened  in  alcohol,  and  examined  unstained, 
present  a  very  characteristic  transverse  '  fragmentation '  of 
the  muscles.  Each  of  the  small  fragments  appears  homo- 
geneous, glistening,  transparent;  it  represents  a  trausverse 
disc,  comprising  the  whole  thickness  of  the  primitive 
fascicidus;  and  all  these  fasciculi  are  divided  into  a  large 
number  of  broken  fragments  separated  by  obscure  interstices, 
in  which  one  sees  the  irregular  margins  of  contiguous 
fragments.  These  fragments  are  not  usually  thicker  than 
the  primitive  fasciculus  that  they  replace,  though  it  is  not 
rare  to  find  some  which  are  thick,  of  a  greater  diameter  than 
that  of  the  primitive  fasciculus,  and  at  the  two  extremities 
of  which  one  observes  an  infolding  of  the  sarcolemma  which 
contains  them." 

Corail  then  compares  what  he  describes  with  Zenker's 
vitreous  degeneration,  but  points  out  that  in  Fowl  Cholera 
there  is  no  extraversation  of  blood  in  the  altered  parts 
similar  to  that  observed  sometimes  in  Typhoid  Fever,  and 
accounts  for  this  by  the  fact  that  in  consequence  of  the 
inflammation  of  the  connective  tissue  between  the  primary 
and  secondary  muscular  fasciculi  there  is  obliteration  of  the 
vessels  and  arrest  of  the  circulation.  In  the  specimen 
described   above,  there   were   seen,  on  staining  with  picro- 
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carmine  the  primitive  muscular  fasciculi  "divided  trans- 
versely into  a  multitude  of  small  fragments.  The  large  bands 
less  coloured"  (than  the  muscular  fibres)  "represent  the 
connective  tissue  which  separates  the  secondary  bundles,  and 
are  occupied  by  lymph  cells  and  micro-organisms  situated  in 
the  middle  of  a  reticulum  of  fibrin." 

"The  fragments  of  muscle  still  possess  at  intervals  their 
transverse  striation.  The  fragmentation  is  due  to  the 
entrance  of  micro-organisms  into  the  sacrolemma  and  to 
atrophy;  to  consequent  disappearance  at  intervals  of  the 
muscular  substance."  .  .  .  "It  is  not  rare  to  see  in 
longitudinal  sections  of  these  altered  muscles,  primitive 
fasciculi  completely  replaced,  for  a  certain  extent,  by  lymph 
cells  and  microbes,  which  thus  resemble  inflamed  connec- 
tive tissue." 

After  describing  the  arrest  of  the  circulation  in  the  altered 
muscle  by  distension  of  the  capillary  vessels  with  lymph 
cells,  microbes,  and  fibrin,  Cornil  gives  a  most  accurate 
description  of  the  condition  observed  by  me  in  the  muscle 
of  the  fish. 

"  Following  these  lesions,  the  muscle  altered,  as  if  solidified, 
becomes  compact,  lardaceous,  opaque,  is  condemned  in  its 
central  portion  to  a  local  mortification,  the  circulation  going 
on  no  longer,  its  proper  tissue  being  stuffed  with  a  number 
of  organisms  pressed  one  against  the  other,  and  are  unable  to 
find  material  sufficient  for  their  nutrition."  ,  .  .  "  There 
results  a  'sequestrum,'  a  necrosed  portion  which  has  been 
well  described  to  the  naked  eye  by  Pasteur,  which  is  isolated 
from  the  neighbouring  tissues  in  which  the  circulation  has 
stiU  been  kept  up." 

He  then  goes  on  to  point  out  the  various  stages  through 
which  the  different  parts  of  the  altered  tissues  pass,  and 
at  the  fourteenth  or  sixteenth  day  describes  a  space  which 
surrounds  the  sequestrum.  This  is  partially  filled  with 
droplets  of  fat,  not  adipose  tissue.  Some  of  these  "  adhere  to 
the  margin,  more  or  less  regular,  of  the  sequestrum,  which  is 
formed  of  the  vitreous  muscular  blocks,  and  by  the  dead 
connective  tissue.  Other  droplets  are  attached  to  the  walls 
of  the  living  tissue."      Within  the  cavity  he  describes  a 
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lining  layer   of  vascular  embryonic  tissue,  similar  to    th^  1 

already  mentioned  (Fig.  1  c),  and  at  the  deepest  part  of  this 
granulation  tissue  layer  altered  muscular  fibres  (Fig,  1  d). 
The  irregular  outline  of  both  sequestrum  and  cavity  are  also 
obaetved  in  both  fowl  and  fish. 

In  the  fowl  gradual  absorption  of  the  sequestrum  takes  I 
place,  when  once  it  becomes  completely  detached  from  the  J 
Burrounding  tissues,  but  this  may  take  several  mouths,  and^  I 
whilst  this  is  going  on,  "  the  fragments  have  become  very  | 
friable,  they  are  readily  biwken  down,  and  fonn  in  part  at  J 
kind  of  caseous  magma."  ..."  The  older  the  sequestrum,  | 
the  greater  is  the  tendency  of  the  blocks  to  lose  their  atriation,"  1 
Following  this  there  ia  disintegration,  fatty  degeneration,  and  n 
gradual  absorption  by  the  granulating  surface. 

Cornil  speaks  of  the  cyst  wall  surrounding  the  sequestrum 
as  consisting  essentially  of  granulation  tissue,  and  the  oldes  ] 
forms  of  organising  tissue.    He  says  there  are  three  layers:— ^ J 

1.  "Au  internal  layer,  continuous  with  the  debi-iaof  th*| 
sequestrum,  and  in  which  one  finds  giant  cells  of  apeci 
forms."     (These  were  not  present  in  the  specimen  under  oin 
notice.) 

2.  "A  middle  layer  composed  of  large  fusiform  or  branch- 
ing cells. 

U.  "An  external  layer  formed  of  embryonic  connective 
tissue,  whicli  is  contiuuous  with  the  pectoral  muscle.  This 
deep  layer  is  traversed  by  numerous  blood  vessels," 

By  the  aid  of  the  granulation  tissue  with  its  actively 
digesting  cells,  the  sequestrum  is  gradually  absorbed,  after 
which  cicatrisation  tabes  place. 

I  have  quoted  much  more  freely  from  M.  Comil's  paper 
than  I  am  perhaps  justified  in  doing,  but  the  singular 
resemblance  between  the  two  processes  must  be  my  excuse. 

It  is  quite  possible  that  in  the  specimen  before  us  we 
have  no  micro-organismal  origin,  but  it  is  certainly  more 
than  probable  that  micro-organisms,  tliough  not  to  be  found 
at  this  late  stage  of  sequestrum  foimation,  have  still  been 
present  at  some  earlier  period.  A  reference  to  Figs,  1 
and  2,  will  show  at  once  that  the  processes  have  ended  in 
much  tlie  same  way.      The  altered  muscular  fibres  iu   the 
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sequestrum,  the  several  layers  of  granulation  tissue,  the 
altered  muscular  fibres  in  the  deeper  layer  of  the  capsule, 
and  the  altered  muscular  fibres  outside,  showing  the  earlier 
changes  in  and  between  the  muscles,  are  all  very  characteristic, 
so  that  although  no  micro-organisms  are  to  be  distinguished 
at  this  stage,  we  cannot  be  sure  that  they  have  not  been 
present,  in  fact  we  are  almost  compelled  to  arrive  at  an 
opposite  conclusion.  It  must  be  remembered,  however,  that 
physical  characters  here  come  in  to  assist  in  giving  rise  to 
the  appearances  presented.  The  degeneration  of  the  muscle 
fibres  brings  about  a  complete  loss  of  contractile  power 
and  of  elasticity.  The  muscles  surrounding  them,  still 
retaining  their  contractility,  draw  upon  the  inelastic  mass, 
and  fracture  takes  place  in  various  directions,  and  as  the 
granulation  tissue  grows  between  the  muscles,  they  become 
atrophied  and  can  no  longer  contract,  whilst  those  outside 
still  draw  irregularly  on  the  outer  layer  of  granulation  tissue, 
and  thus  assist  in  all  probability  in  separating  the  granulation 
layer  from  the  softened  or  softening  sequestrum  within.  Not 
only  so,  but  the  presence  of  the  mass  of  dead  muscle  un- 
doubtedly acts  as  an  irritant,  and  so  helps  to  bring  about  the 
formation  of  the  extremely  vascular  gi^anulation  tissue.  The 
fact  that  there  is  material  to  be  absorbed,  stimulates  the 
tissues  to  the  formation  of  an  absorbing  membrane. 

If  the  mass  is  not  of  parasitic  origin,  the  only  other  possible 
explanation  appears  to  be  that  the  coagulative  necrosis  has 
been  set  in  during  life,  after  some  violent  muscular  exertion, 
the  only  fact  in  support  of  this  being  that  most  of  the 
masses  were  found  in  the  muscles  which  are  most  frequently 
and  most  violently  exerted. 

Here  the  changes  are  explicable  on  the  theory  that  the 
coagulated  muscle  elements  become  fractured,  are  separated 
from  the  surrounding  muscular  fibres,  and  that  they  by  their 
presence  as  dead  material  act  as  irritants;  a  granulation 
tissue  is  formed  between  and  around  them ;  and  they  are 
gradually  absorbed. 

Should  opportunity  offer,  I  hope  that  Fellows  of  the  Society 
will  place  parts  of  similar  morbid  masses  in  my  hands,  in 
order  that  I  may  continue  the  investigation. 
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Description  of  Plate  XXIII. 

FIG.  1. 


Section  of  sihbII  portion  of  capaulo  and  one  of  tho  \aiffiT  Beqaostni,  Htaiii«4'  1 
Uitli  oatnic  »ci.I  (  X  60). 

(a]  Sequestrum  compowd  of  vitreoua  miuAea  of  mu.icillar  fibres  ; 
■K  well  sesn,  Bud  the  fiagnientAtiou  is  well  marked, 

(ft)  Thin  layer  of  ('oimeotive  tiasae  io  iminBdiate  contact  with  the  seqneBtniin. 
This  is  graDtiUr  and  fatty,  and  in  man;  naava  conslsU  merely  of  a 
dibria.     Outside  this  i«  a  well-deflnod  space  or  ^ure, 

(c)  Layer  of  vascnluT  granntatioQ  tiasiie  with  larger  <:elU  ncur  the  fiasnrD,  , 
(md  with  well-marked  vascular  loops  throDghout.  Bi.'neatli  this  the  tiwu*  J 
is   denser,  cells   arc   more   fuairorm   or   brsnching,  and   larger  vossela   uk  J 

(d)  Fibrous  or  fibro-cellnlar  layer,  in  which  are  enoloecd  numerous  atrophi«4.J 
mnsculaT  fibres,  cepresented  by  the  dark  pati-hcs. 

(s)  Titreoua  mnsculat  fibres  outside  Che  capsule  altogether. 

FIG,  2. 
Longitndinal  section  of  some  of  the  hyaline  moscular  fibres, 
stages  of  the  procoss,  taken  from  just  outside  the  cB|isale. 
flsmic  acid  [  x  iOD). 

(a]  Striped  moscular  fibre,  quite  normal  in  appeuanoe. 

(b)  Fortiou  niidergoing  the  vitreoua  or  hyaline  fragmentation 
small  fjlobules  of  fat,  stained  black  with  oamic  acid,  may  be  sw 

{c)  Fibre  in  \Yliich  I'raynientiit: 


{,1)  lot 


scular 


)uly  elighlly  Li 


XLI,  Caseous  Ulcer  in  Shin  of  Cod.     By  G,  Sims  WoODflEAD, 

Esq.,  M.D.,  F.K.C.P.ED.     [Plates  XXIII.,  XXIV.] 

[Read  aOtb  May  1SS5.) 

In  a  previous  paper  on  Degeneration  in  the  Muscles  of  a 
rish,  it  was  pointed  out  that  there  was  first  a  vitreous  change, 
which,  however,  was  almost  invariably  followed  by  a  true 
caseation.  Through  the  courtesy  of  Ben.  Peach,  Jun.,  Esq., 
F.B.G.S.,  I  am  enabled  to  place  before  the  Society  a  very 
good  example  of  caseation  in  the  skin  and  deeper  tissues  of  a 
cod,  leading  to  ulceration,  destruction  of  the  periosteum,  and 
complete  disorganisation  of  the  joints  at  the  bases  of  the 
fin  rays. 

The  portions  of  the  fish  sent  to  me  were  a  pectoral  and  a 
ventral  fin  cut  out  with  a  penknife  from  the  left  side  of  a 
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cod,  which,  says  Mr  Peach,  "  was  evidently  in  very  poor  con- 
dition. There  were  ulcerated  patches  on  the  same  side,  one 
of  them,  about  two  inches  in  diameter,  in  a  Une  with  the 
pectoral  fin  and  a  few  inches  behind  it.  .  .  .  There  were 
several  other  smaller  ulcers  nearer  the  tail." 

The  portions  sent  to  me  were  placed  at  once  in  Muller's 
fluid,  in  which  they  were  exceedingly  well  preserved,  until 
I  had  an  opportunity  of  examining  them. 

On  examining  the  fin  and  tissues  over  the  pectoral  arch, 
which  have  been  cut  away  with  the  fin,  a  large  ulcer  is  seen 
in  the  fold  of  the  skin  on  the  extensor  surface  of  the  joint. 
It  measures  1 J  in.  in  diameter  from  above  downwards,  2  in. 
from  before  backwards,  and  extends  over  the  upper  three- 
fourths  of  the  breadth  of  the  fin  at  its  base.  The  ulcerating 
margin  is  soft,  friable,  and  caseous  or  cheesy  looking. 

This  cheesy  margin  is  about  three-quarters  of  an  inch  in 
breadth,  the  free  margin  being  much  more  granular  and  friable 
than  the  attached  portion,  which  is  somewhat  more  cheesy 
and  tenaceous  in  consistence. 

The  lower  border  of  the  ulcer  is  very  considerably 
thickened,  is  not  caseous  throughout,  but  is  gelatinous.  In 
the  gelatinous  mass  is  embedded  a  peculiar  caseous  nodule. 
A  small  piece  of  this  was  removed  and  examined  under  the 
microscope,  the  result  of  which  examination  is  given  below. 
In  the  floor  of  the  ulcer  itself  the  bones  of  the  pectoral  arch 
and  the  bases  of  the  fin  rays  are  completely  bared,  as  not 
only  is  the  pereosteum  removed,  but  the  ligaments  and  the 
whole  of  the  structures  round  the  articulations  are  completely 
disorganised,  so  that  the  proximal  ends  of  the  fin  rays  are 
quite  free.  There  are  still  small  fragments  of  caseous 
material  scattered  over  and  attached  to  the  bones,  these 
pointing  to  the  fact  that  caseation  probably  preceded  the 
ulceration  in  the  whole  area.  At  the  tip  of  the  fin  is  a 
similar  but  smaller  ulcer.  Near  the  larger  ulcer,  but  not 
involved  in  the  caseous  margin,  are  a  couple  of  small  round 
nodules,  one  of  them  ^^V  i^-  ^  diameter,  with  a  raised, 
slightly  umbilicated  centre,  and  a  depressed  margin.  This 
tubercle  is  not  cheesy,  but  is  dark  brown  in  colour  and 
slightly  gelatinous  in  the  centre,  though  it  is  certainly  not 
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like  an  ordinary  tubercle  nodule  to  the  naked  eye.  At  the 
opposite  margin  of  tlie  nicer  is  a  similar  but  smaller  nodule, 
about   jiff  in.  in  diameter.      Microscopic  examination   of  a 

small  portion,  of  the  thickened  margin  of  the  ulcer  diacloaed 
a  condition  almost  identical  with  that  observed  in  gummata 
and  allied  degenerated  masses  of  tissue.  Where  the  cheesy 
condition  is  not  well  marked,  the  bundles  of  muscular  fibre 
are  separated  by  numerous  small  round  cells,  almost  like 
those  met  with  in  granulation  tissue.  The  muscular  fibres 
themselves  are  somewhat  atrophied,  and  are  frequently 
divided  into  comparatively  short  lengths;  between  them 
small  collections  of  granular  material,  and  here  and  there 
large  well-formed  cells,  some  of  which  have  more  than  one 
nucleus,  are  found.  These  cells  are  very  like  the  endothelioid 
cells  so  frequently  met  with  in  all  tissues  where  there  is  any 
tendency  to  fibrous  tissue  formation. 

The  most  important  changes,  however,  are  observed  in  the 
blood  vessels,  and  in  order  to  make  these  changes  more 
comprehensible  it  may  perhaps  be  well  to  describe  very 
briefly  the  structure  of  a  blood  vessel  of  a  fish. 

As  in  a  vessel  of  the  human  subject  there  are  three  coats : 
the  Tmnca  advaUllia,  or  outer  co;\t  (PI.  XXIV.,  Fig.  3  a), 
which  in  this  position  is  of  very  considerable  thickness.  It 
consists  essentially  of  a  dense  network  of  connective  tissue,  in 
which  are  a  few  nucleated  cells.  This  connective  tissue  coat 
may  be  said  to  be  continuous  with  that  of  the  surrounding 
tissues,  and  any  morbid  process  taking  place  in  the  one, 
will  in  all  probability  he  continued  into  the  other.  Within 
this  outer  coat  is  a  well-marked  middle  coat,  or  Tunica 
raedia  (Fig.  3  b),  composed  for  the  most  part  of  circular 
bands  of  non-striped  muscular  fibres.  Within  this  middle  or 
muscular  coat  there  is  a  distinct  line  of  demarcation  between 
it  and  the  internal  coat,  or  Tunica  iniima. 

The  internal  coat  is  composed  of  two  layers :— first  a 
layer  of  flattened  connective  tissue  made  up  of  laminje  of 
fibrous  tissue,  between  which,  usually  seen  in  section  as 
spindle-shaped  cells,  are  flattened  branching  connective 
tissue  cells.  Inside  this  is  a  layer  of  flattened  endothelial 
cells,  which  forms  the  smooth  glistening  lining  of  the  vessel 
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(Fig.  3  c).  The  vein  differs  from  the  artery  in  that  the  mus- 
cular coat  is  very  much  thinner,  and  the  outer  coat  is  usually 
not  so  well  developed. 

On  examining  the  vessels  in  the  area  above  mentioned 
(the  small  piece  taken  from  the  thickened  margin  of  the 
ulcer),  the  following  appearances  are  present.  As  one  would 
expect  from  the  infiltration  already  observed  in  the  con- 
nective tissue  between  the  bundles  of  muscular  fibre,  there 
is  marked  infiltration  of  the  outer  connective  tissue  coat 
with  small  round  cells.  These  small  cells  consist  almost 
entirely  of  a  nucleus,  the  film  of  protoplasm  around  them 
being  very  thin  indeed.  There  are,  however,  along  with  the 
small  cells,  a  number  of  large,  well-formed,  usually  rounded 
connective  tissue  cells,  in  which  the  formed  material  around 
the  nucleus  is  present  in  considerable  amount.  Some  of 
these  cells  have  several  nuclei. 

The  muscular  coat  is  as  a  rule  not  much  altered,  but 
occasionally  one  finds  a  slight  increase  in  the  number  of 
small  round  cells  in  this  position. 

It  is  on  the  internal  coat,  however,  that  the  most  marked 
changes  are  seen;  in  the  present  instance  it  is  enormously 
and  irregularly  thickened.  In  the  thickened  portion  the 
laminae  are  arranged  apparently  not  in  the  same  plane  as 
the  circumference  of  the  vessel  but  at  right  angles  to  it,  and 
the  ceUs  seen  in  section  as  they  lie  between  the  lamina,  run 
with  their  long  axes  at  right  angles  to  the  plane  of  the 
circumference.  A  similar  arrangement  is  sometimes  observed 
in  syphilitic  arteritis  obliterans  (Plates  XXIII.  and  XXIV., 
Figs.  4  and  5).  As  may  be  seen  on  reference  to  Fig.  4,  the 
thickening  is  very  irregular,  and  in  consequence  the  lumen  of 
the  vessel  is  unequally  narrowed.  This  condition  very  closely 
resembles  not  only  arteritis  obliterans  as  seen  in  syphilis,  but 
also  in  stonemason's  phthisis,  chronic  tubercular  phthisis,  in 
healing  wounds,  interstitial  nephritis,  and  the  like.  In  all 
these  processes,  there  is  eventually  a  cutting  off  of  the  blood 
supply  from  tissues  which  were  originally  supplied  by  the 
arteries.  It  appears  as  though  an  exactly  similar  process  is 
here  taking  place.  In  the  section  under  examination  numer- 
ous transverse  (Fig.  4)  and  longitudinal  sections  of  vessels 
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are  Been,  in  which  still  further  changes  ate  taking  place.  The 
muflcular  coat  ia  still  fairly  well  delined,  hut  in  it  are  numer- 
ous small  round  cells  aimilat  to  those  mentioned  above,  each 
consisting  of  a  nucleua  and  a  very  thin  film  of  protoplasm, 

Wiiat  corresponds  to  the  inner  coat  is  now  seen  to  be 
simply  a  vitreous  or  caseous  mass,  which  is  evidently  com- 
posed of  the  proliferated  cells  of  flattened  layers  and  of  the 
altered  formed  material  which  lies  between  the  cells.  The 
lumen  of  the  vessel  is  completely  occluded;  blood  could  no 
longer  pass  to  supply  the  vessel  walls  and  the  tissues  to 
which  they  run.  After  a  careful  examination  of  these 
obliterated  vessels  in  both  longitudinal  and  transverse 
sections,  one  is  forced  to  the  conclusion,  that  what  we  have 
described  is  taking  place  in  a  great  number  of  the  small 
arteries.  The  whole  of  the  obstruction  is  not  necessarily 
due  to  thickening  of  the  inner  coat,  for  in  some  of  the 
sections  examined  the  remains  of  a  small  blood  clot  could 
be  seen  filling  up  what  remained  patent  of  the  lumen, 
completing  the  occlusion.  Here,  then,  we  have  a  definite 
course  of  aveuta.  Be  the  cause  what  it  may — and  the 
evidence  points  strongly  in  the  direction  of  Parasitiara, 
though  as  yet  no  actual  micro -orgiinism  has  been  diatm- 
guished  in  this  position^ — ^there  is  intiammation  of  the  walls 
of  the  vessel  leading  to  infiltration  of  the  T.  adventitia  with 
small  round  cells,  to  less  marked  changes  in  the  muscular 
coat,  and  to  extremely  well-defined  changes  in  the  inner 
coat,  which  becomes  enormously  thickened ;  in  consequence 
of  tills  thickening,  the  lumen  of  the  vessel  becomes  very 
much  diminished,  the  wall  is  no  longer  smooth  and  regular, 
and  eventually  a  blood  clot  ia  formed  in  the  nariowed  tube, 
which  is  thus  effectually  closed ;  what  follows,  is  what  would 
be  expo  t  1  und  the  circumstances.  The  walls  of  the 
vessels  a  e  on  de  ably  altered,  but  although  there  is  such 
a  great  in  e  ol  ellular  tissue,  there  is  no  cori'esponding 
increase  tl  e  nu  nb  of  blood  vessels  or  in  the  nutritive 
supply  t  tl  e  alls  of  the  vessel,  consequently  when  the 
clofc  is  once  iormed  it  ia  practically  cut  off  from  all  food 
supply,  and  the  altered  T.  intima  iB  similarly  situated.  The 
clot  in  the  centre  of  the  patch  first  undergoes  caseation,  or 
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some  similar  change ;  it  becomes  hyaline,  swollen,  then  granu- 
lar ;  and  at  this  stage  takes  on  the  yellow  picric  acid  stain  of 
picro-carmine.  Around  the  central  hyaline  or  caseous  clot, 
the  thickened  inner  coat  may  be  distinguished  for  some 
time,  but  eventually  the  cells  in  this  position  begin  to 
swell  up,  they  gradually  become  hyaline,  run  together,  and 
then  assume  a  granular  appearance,  taking  on  the  charac- 
teristic yellow  stain,  to  which  reference  has  already  been 
made.  The  vascular  supply  has  been  cut  off  not  from  the 
walls  of  the  vessel  only,  but  also  from  the  areas  which  were 
supplied  by  these  vessels.  Hence  we  see  in  the  cut  specimen 
large  tracts  of  tissue  in  which  the  cells  are  hyaline,  swollen, 
and  in  many  cases  running  together,  just  as  we  have  seen 
them  in  the  walls  of  the  vessels.  The  fibres  are  also  swollen 
or  granular,  so  that  large  homogeneous  or  granular  masses, 
stained  yellow  with  picro-carmine,  are  seen,  corresponding 
in  their  distribution  with  that  of  the  obliterated  vesseL 

It  is  in  consequence  of  these  changes  that  the  ulceration 
described  takes  place.  The  degenerated  tracts  get  larger 
and  larger,  they  gradually  run  together,  and  the  soft  granidar 
material  disintegrates,  leaving  ulcerated  patches,  which  in 
turn  get  larger  and  run  together  to  form  ulcers  of  the  size 
detailed  at  the  commencement  of  the  paper.  The  processes 
mentioned  above  as  preceding  the  ulceration  are  of  course 
best  marked  at  the  margin  of  the  ulcer,  the  advanced  caseous 
patches  at  the  extreme  margin  and  the  inflammatory  changes 
some  little  distance  away  from  this  point. 

The  process  of  caseation  is  very  similar  to  that  observed 
in  the  conditions  associated  with  tubercle,  syphilis,  and  the 
like,  and  the  results  as  seen  under  the  naked  eye  are  very 
like  one  another. 

It  should  be  observed,  however,  that  here  there  are  no 
giant  cells.  Taking  one  of  the  vessels  as  an  example,  there 
is  the  well  advanced  caseous  clot  in  the  centre,  surrounding 
this  are  endothelioid  cells  or  plates  lying  on  a  species  of 
reticulum,  both  cells  and  fibres  growing  in  connection  with 
the  laminated  layer  of  the  inner  coat  of  the  vesseL  Even 
in  the  degenerating  areas  outside  the  vessels  altogether,  not  a 
single  giant  cell  could  be  made  out. 
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As  yet,  after  a  piitient  search,  no  micro-organisms  have 
been  found,  but  the  evidences  of  their  presence  at  some  time 
or  other  as  seen  in  the  chaagea  in  the  tissue  elements  are 
very  strong  indeed. 

Desceiptjon  of  Plates  XXIII.  and  XXIV. 
FIG.  3. 

Longitndinaf  nention  througli  sniill  liealthy  artery  taken  from  hase  of  Fin 
or  Cod.     PrBHarTfld  in  MllUec'a  flniii  stained  with  picro-canniiia  ( Ji  300). 

(a, )  Twaica  advrniiitia,  or  outer  caiiueutiva  tissue  £oat,  compoat  J  of  wliite 
fibruus  tiasoB  fomjing  dense  felted  wavy  mass. 

(fi.)  Tunica  media,  ormiddio  coat,  conipoaedorcircnlBriion.Btripfldiniiac!nlHr 
fllirea.  The  nadei  end  outlines  of  the  iibroa,  cut  transveraely,  well  seen  at  thi! 
upper  pnrt  of  the  Ggure ;  the  outlines  of  tlie  circular  Gbrea  are  well  seen. 

(e.)  Tunica  inlimii;  or  inner  coat ;  the  laminated  £bronH  tissue  well  aeeii,  but 
the  Snttened  connective  tissue  and  {mdotbelinl  cells  nre  not  shown  in  tho 
drawing. 

A  few  nucleated  blood  corpuscles  arc  seen  lying  in  the  himcn  of  the  veasol. 

FIG.  4. 

Transrerae  section  acroas  two  branchea  of  a  small  artray  just  bolow  tho 
point  of  bifurcation  of  tho  parent  vessel  in  the  thickened  gelatinous  margin 
ol  the  uker  at  the  base  of  the  Fin  (  x  SCi).  stained  in  pic ro- carmine. 

A.  In  this  branch  obliteration  is  not  complete. 

(a.)  Infiltrated  adventitia,  especially  around  the  small  vasa  vasorum. 
{b.)  Muscular  coat  little  vhiiujijed. 

(c)  Inner  coat,  irregularly  thickened.  Here  the  cells  lying  between  the 
fibceB  are  well  seen  and  also  the  asia  in  which  they  lie. 

B.  In   this  branch  tho  obliteration  is  complete  and   closoneration    has 

id.)  Altoroil  musLular  coat.     Muscular  fibres  atrophied  or  degenerating. 
Increase  of  intcrlibnllar  nuclei, 
(e.)  The  vitreous  inner  Loat  is  hero  very  well  seen. 

FIG.  G. 

Section  thron^b  small  portof  wall  of  vessel,    (rirdc  XXIV.,  Fig.  4  A.  U  400. 
Here  the  enormous  prolileratiou  of  tho  cells  of  tlie  inner  coat  is  well  seen, 
(a.)  Eepresenta  position  of  lumen  of  vesael.      The  endothelial  layer  !i:is 
been  removed. 
(b.)  Represents   laminated   layer   with  axis  of   cells  ot  right  angles  to 

(c. )  Muscular  coat. 

Ill  this  part  of  tlio  vessel  the  ilegfucrativc  changes  have  not  yet  commeucud. 
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XLII.  On  the  Chemical  Composition  of  some  Samples  of  Scotch 
JSnsilofje,  By  W.  IvisoN  Macadam,  Esq.,  F.C.S.,  F.LC, 
Lecturer  on  Chemistry,  School  of  Medicine,  and 
Professor    of    Chemistry,    New    Veterinary    College, 


Edinburgh. 


(Bead  18th  March  1885.) 


During  the  present  agricultural  depression  any  subject  or 
method  which  promises  more  or  less  to  aid  a  hard-working 
and,  for  some  years  past,  heavy-losing  class  of  men  is  looked 
upon  with  special  interest.  Should  the  first  results  of 
experimental  trials  appear  satisfactory,  the  tendency  is  to 
cause  other  members  of  the  same  class  to  lay  out  capital  in 
plant,  etc.,  and  so  endeavour  by  means  of  the  new  digression 
to  fill  the  already  almost  empty  coffers. 

No  subject  has  at  the  present  moment  greater  interest  to 
the  agriculturist  than  that  of  silage,  or  the  means  by  which 
freshly  cut  grass  or  grain  may  be  retained  for  a  longer  or 
shorter  period  in  a  state  fit  to  be  employed  for  feeding  pur- 
poses, without  the  labour  employed  in  sun-drying  or  hay- 
making. The  subject  becomes  all  the  more  important  when 
the  uncertainty  of  weather  and  durability  of  sunshine  are 
taken  into  account. 

The  process  of  silage  requires  a  considerable  outlay  of 
capital,  because  the  grass  or  other  material  to  be  converted  into 
ensilage  must  be  excluded  from  the  air,  and  consequently 
special  buildings  must  be  erected.  These  compartments  are 
known  as  silos. 

The  most  primitive  and,  at  the  same  time,  successful 
method  seems  to  be  that  long  used  by  the  German  Landwehr 
of  digging  a  pit,  in  which  the  grass  or  other  material  is 
placed,  and  afterwards  covered  with  loose  boards  and  an 
outer  layer  of  earth. 

More  complex  arrangements  consist  of  buildings  built 
under  ground  and  having  apparatus  attached  for  the  after 
loading  or  pressing  into  a  semi-compact  state  of  the  ensilage. 

Attempts  to  utilise  old  farm  buildings,  such  as  barns,  have 
proved  failures,  until  such  time  as  the  walls,  roof,  and  floors 
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have   been   coated   with  an   air-tight  skin   of  cement — ilie 

exclusion  of  air  being  a  necessary  condition  of  success. 

The  aamples  of  ensilage  to  which  I  am  desirous  of  direct- 
ing your  atteution  are  iive  in  number.  Noa.  1  and  2  are 
iironi  silos  constructed  in  Midlothian,  whilst  the  remaining 
saiiiplea  come  from  the  neighbourhood  of  Arbroath. 

Nos.  1  and  2  saoiplea  consisted  of  very  coarse  herbage, 
being  a  mixture  of  grasses  with  reeds,  rushes,  etc.,  and  with 
one  or  two  of  the  flowers  (EanunculaccEe,  etc),  which  are 
found  in  low  or  boggy  ground. 

No.  3  sample  was  labelled  aa  "  ff  mixture  of  rye'-grass  and 
clover,"  and  contained,  besides  the  Loliums,  other  grasses, 
especially  Hordeums,  Poas,  Holcus,  and  Dactylis,  with 
Tiifoliums  and  other  flowering  plants,  especially  members  of 
the  EanuncuIaccEe. 

No.  4  sample  was  "a  mixtwe  of  green  larky  and  old 
pasture."  I  have  identified  Poas,  Phleum,  and  Holcna.  but 
the  condition  of  the  material  and  the  few  flowering  heads 
present  renders  the  naming  of  species  diflicult. 

No.  5  sample  was  one  made  from  the  cuttings  of  the 
"grass  from  lavms,"  and  contained  the  usual  Poas,  Holcus, 
Pldoums,  Festuca^  etc. 

In  making  the  analyses  of  these  samples,  the  usual 
methods  were  followed, — tlie  substances  determined  being 
the  percentages  of  moisture,  ether  extract  (or  fatty  and  acid 
substances),  albuminous  substances  as  determined  from  the 
nitrogen  present,  starch,  gum  or  mucilage  and  sugar,  woody 
fibre,  and  ash  or  mineral  matter.  The  results  are  given  in 
Table  A. 

It  is  diflicult  to  compare  these  results  with  each  other,  or 
with  fresh  grasses,  as  the  proportion  of  moisture  present 
varies  to  so  great  an  extent,  and  I  have  therefore  recalculated 
the  results  as  frue  from  that  ingredient.  The  figures  are  to 
be  found  on  Table  B. 

On  comparing  these  results  with  those  given  in  Table  C 
(the  results  of  the  analyses  of  forage  grasses  as  given  by 
various  chemists)  it  will  be  noted  that  the  ensilage  differs 
much  from  the  fresh  material.  The  oil  or  ether  extract  is 
higher  in  the  ensilage,  whilst  the  albuminous  compounds  are 
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lower.  The  ash  also  is  higher.  It  is  true  that  the  two 
tables  are  scarcely  in  a  position  to  be  compared,  for  they  do 
not  represent  the  same  field  of  grass,  and  moreover  they  do 
not  represent  the  same  mixture  of  grasses.  It  is  well-known 
by  agricultural  chemists  that  even  the  same  variety  of  grass 
differs  in  composition  according  to  the  age,  approach  or 
otherwise  to  flowering,  soil,  height  above  sea-level,  and  even 
climate.  Still  the  average  figures  may  be  employed,  and  the 
results  of  such  a  comparison  is  as  stated  above. 

An  endeavour  to  further  corroborate  the  figures  as  to  the 
proportion  of  nitrogen  present,  and  from  that  the  albumenoids, 
using  dried  portions  of  the  ensilage,  led  to  results  so  different 
from  those  obtained  with  the  fresh  moist  sample  that  other 
experiments  became  necessary.  The  results  obtained  when 
the  moist  material  was  used  agreed  with  those  first  found,  and 
further  trials  with  dried  samples  showed  that  a  considerable 
loss  of  nitrogen  was  sustained  during  the  drying  operation. 
The  results  are  given  in  Table  B,  where  it  is  shown  that  whilst 
in  No.  3  the  total  nitrogen  present  in  the  moist  sample  was 
1*319  per  cent.,  that  after  drying  only  1*063  per  cent,  was 
retained,  showing  a  loss  of  nitrogen  from  the  total  amount  of 
0-256  per  cent.,  or  about  one-sixth.  No.  4  shows  a  still 
greater  loss,  for  whilst  the  total  nitrogen  was  equivalent  to 
1*543  per  cent.,  the  nitrogen  in  the  dried  portion  was  only 
1*030  per  cent.,  or  a  loss  of  0*513  per  cent.,  equal  to  about 
one-third.  No.  4  sample  lost  nearly  one-half  of  its  nitrogen 
on  drying.  The  volatilisable  nitrogen  could  not  be  present 
in  the  state  of  albumenoids  or  flesh  formers,  but  was  evidently 
in  the  form  of  amides,  if  not  actually  of  ammonia.  This 
volatile  nitrogen  therefore  should  not  be  reckoned  as 
albumenoid,  and  consequently  the  results  obtained  from  the 
nitrogen  c^f  the  moist  ensilage  were  not  representative  of  the 
albumenoid  of  flesh-forming  material  present  in  the  ensilage. 
Table  A  therefore,  although  calculated  by  the  usual  methods, 
is  not  correct,  and  conveys  a  wrong  impression  as  to 
the  feeding  value  of  the  ensilage.  It  is  the  nitrogen  left 
after  drying  that  should  be  calculated  into  albumenoids, 
or  in  other  words,  the  ensilage  should  be  dried  before 
being  analysed  or  a  second  nitrogen  estimation  be  made 
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to  8)iow  the  amount  of  non-albumenoid  nitrogen.  The 
analyses  after  the  necessary  recalculation  will  be  found  on 
Table  D. 

On  Table  E  is  given  the  results  of  analyses  of  fresh  and 
siloed  Lucerne  as  made  by  Weiske  and  others  (Bied.  Centr., 
1884,  pp.  464-469),  and  as  extracted  in  the  Journal  of  the 
Ohemtcal  Society  of  London.  The  author,  however,  does  not 
seem  to  be  aware  of  the  presence  of  nitrogen  as  ammonia, 
although  the  results  show  a  decrease  in  the  albnmiuous  com- 
pounds after  silage.  The  proportions  of  albumeuoid  material 
there  given  are  high,  and  may  be  accounted  for  by  the  author 
having  overlooked  the  presence  of  free  ammonia.  Weiske 
aays  that  "  the  analyses  were  conducted  in  the  usual  way 
after  the  ailage  had  been  extracted  with  cold  water,"  the 
reason  for  the  extraction  being  given  in  the  following  part  of 
the  clause,  "  and  the  volatile  acids  (butyric)  estimated  in 
the  extract  by  volatilisation,  and  the  non-volatile  (lactic) 
by  titration."  It  thus  appears  that  the  reason  for  digestion 
in  water  was  for  the  purpose  of  estimating  the  acidity,  and 
no  mention  is  made  (in  the  extract  quoted)  as  to  volatilisable 
or  saline  ammonia  being  in  the  ensilage, 

A  further  study  of  Weiake's  results  shows  that  the  starch 
group  baa  also  decreased  during  silage,  and  that  the  ether 
extract  has  increased  much.  This  last  fact  is  well  brought 
out  in  Table  D  as  compared  with  Table  C.  Consequent  ou 
the  above  changes  in  composition,  we  find  an  increase  in  the 
percentages  of  fibre  and  mineral  matter  or  ash.  Tiiis  loss  of 
dry  matter  appears  from  the  above  results  to  vary  very 
much,  running  in  some  cases  as  low  as  10  per  cent.,  but 
in  others  being  as  high  as  40  to  50  per  cent,  of  the  fresh 
grass. 

The  nitrogen  can  only  be  derived  from  the  splitting  up  of 
the  albumeuoids,  for  this  is  practically  the  only  compound  of 
nitrogen  in  the  plants.  True,  according  to  HeiTen  Eungener 
and  Fries  (Bied.  Centr.,  1884,  pp.  406-409),  a  proportion  of 
amide  nitrogen  is  present  in  the  grain  of  barley,  but  the 
total  in  the  dried  sample  did  not  exceed  so  small  a  propor- 
tion as  to  be  overlooked.      All  the  analyses  of  grasses  yet 
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nitrogen  as  ammonia  present  in  the  fresh  plant.  Bungener 
and  Fries'  results  are  on  Table  F. 

The  fall  in  the  proportion  of  starchy  material  is  accounted 
for  by  the  presence  of  lactic  and  butyric  acids  in  the 
ensilage.  Weiske  states  the  proportion  of  lactic  obtained 
from  a  lupine  ensilage  at  2*30  per  cent.,  and  the  butyric  acid 
at  3*58  per  cent.,  the  latter  figure  being  increased  in  other 
analyses  to  7*45  and  7  34  per  cent.  ... 

It  would  thus  seem  that  during  the  process  of  converting 
grass  into  ensilage  that  a  fermentation  developing  butyric 
and  lactic  acids  takes  place^  and  that  at  the  same  time  a 
decomposition  of  the  albumenoids  proceeds,  leading  to  a  loss 
of  feeding  power  and  the  formation  of  ammonia. 

The  feeding  power  of  the  ensilage  is  impaired  by  these 
changes,  and  according  to  Tables  D  and  C  the  flesh  forming 
power  is  only  about  three-fifths  that  of  meadow  hay.  In 
Table  E  the  starch  compounds  are  only  about  three-fourths 
those  of  fresh  Lucerne.  It  will  therefore  be  necessary  to 
consider  these  points  when  ensilage  is  to  be  used  for  feeding 
purposes.  The  strong  and  most  disagreeable  odour  of  the 
ensilage  is  known  to  all  who  have  seen  the  few  silos  erected 
in  this  country,  and  so  pungent  is  this  smell,  that  even  cattle 
object  to  it  at  first,  although  after  a  time  they  may  be 
induced  to  take  the  material  somewhat  greedily. 

Great  care  is  necessary  in  opening  the  silos  to  admit  as 
little  air  as  possible,  for  further  decomposition  rapidly  ensues, 
and  the  material  becomes  musty  and  improper  for  feeding 
purposes. 

TABLE  A.— Chemical  Composition  op  Ensilage. 

No.  1.       No.  2.       No.  3.       No.  4.       No.  6. 
Moisture,       .        .        .  76-32        73-71        6871        72-07        74-92 


Oil,        .... 

1-33 

1-11 

1-26  . 

1-61   . 

2-01 

^Albuminous  Compounds, 

1-73 

2-31 

2-58 

2-79 

8-46 

Starch,  Gum,  and  Sugar, 

13-88 

14-96 

14-78 

13-36 

11-12 

Woody  Fibre, 

4-83 

6-04 

9-86 

7-42 

6-86 

^L8U,         •             •             '             . 

1-91 

1-87 

2-87 

2-85    . 

2-63 

10000       100-00       10000       100-00       10000 


Nitrogen,  .        .       0-278%      0-369%      0-413%     0-431%      0*554% 


Ca^llalcd  ns/rafroM 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

OH 

cei 

4-22 

S'BB 

6*1 

8-01 

•Albumin  008  Compoanda, 
Starch,  Gum,  and  Sugar, 
Woody  Fibre,         .         . 
Ash,      ...         . 

7  31 
fiS-Ol 

80-39 
BOB 

8 '78 
68-91 
2S-97 

7-11 

s-si 

47  07 
81-51 

B-17 

B'93 

*7-83 

26-56 

10-21 

18-79 
44-33 
28-36 
10-48 

•  Total  Nitrogen,      .         .     1-17*%  l'iOS%      1-318%      1-643%      2-209% 

NitregenVoMilisedondry.  (  ^_^^^  ^.^^ 

ing  tLe  Samiile,      .         .  i 

Nitrogen  in  dried  Sample,     0'7e4  0-652 

=A11>uniinous  CompoondB,     4'776  3-160 


0-513      i-irr 

1-030  1-032 


TABLE   0.~CaEHicAL  Composition  op  Fobaoe  Gbassbs. 

ATPisgeof  Averegeol     Meiduw        Lollm         Lotlm 
.    (RitthsuBen  (Johnsi 


Caleidairi  os/rm  frrm 


Oil,         .... 
•Albuminous  Compoonds, 
Sturch,  Gum,  and  Sugar, 
Woody  FiUre, 
Ash,      .... 


tW«8,)    Tft 


:    (WarituidOiritaD.] 


3-OS  2  47  3-29  3-18  3'27 

11-05  S17  10-82  11-79  10-04 

45-61  4120  48-23  4228  67-8B 

33-53  40-00  80 -35  35-21  19-79 

6-72  7-Oa  7-29  7  53  e-08 


10000         99-99 


99  9! 


99-99       1000. 


*  Niti-oRen,        .         .        .     1-768%      1-467%      1-571%      1-8865 
Water  in  Fresh  Sample,     .  888  70-8  ...         71  43 


TABLE   D.— Chemical  Composition  of  Ensilaqr. 


Analysis  of  Dried  Sample. 


•Albuminous  Com  pounds. 
Starch,  Gum,  Sugar,  etc., 
Woody  Fibre, 


8-27 
99-54 


0-764%      0-552%      1-063%      1030%      1032% 
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TABLE  E. — Chemical  Composition  of  Lucerne  Ensilage. 
(Weiske,  etc.,  Bied.  Centr.,  1884,  pp.  464-469). 

Siloed  Close.       Slightly  Pressed.       Not  Pressed. 

Fresli.    Silage.      Fresh.    Silage.       Fresh.    Silage. 

Oil  (Ether  Extract),  .  4-44 
Albuminous  Compounds,  26  '69 
Starch,  Gum,  and  Sugar,  37 '12 
Woody  Fibre,  .  .  2254 
Ash 9-21 


8-79 

4-91 

8-68 

6  01 

6-75 

23-35 

25-94 

21-44 

25-00 

20-94 

28-42 

37-32 

26-83 

37-52 

30-20 

28  03 

22-90 

30-40 

23-57 

29-62 

11-41 

8-93 

12-75 

8-90 

12-49 

100  00     100-00     100-00     100  00     100  00     100-00 


TABLE  p.— Barley  and  Malt. 
(Bungener  and  Fries,  Bied.  Centr.,  1884,  pp.  406-409.) 

Nitrogen. 


Total  Nitrogen  in  Dried  Sample, 
Total  Nitrogen  Soluble  in  Water, 
As  Albumenoids, 

Peptones, 

Amides,     .        .        .  *     . 


Barley. 

Malt. 

Barley. 

Malt. 

1-69 

1-58 

1-84 

1-73 

21-0 

40-6    36-7 

20-6 

36-2    36-4 

9-5 

14-5     10-3 

21-1 

14-4     10-6 

2-4 

3-8      5-0 

2-2 

2-4      3-5 

19  1 

22-3    21-4 

6-3 

19-4    22-3 

XLIII.  Note  on  the  Presence  of  Certain  Diatoms  in  a  Town 
Water  Supply.  By  W.  IvisoN  Macadam,  Esq.,  F.C.S., 
F.I.C.,  etc..  Lecturer  on  Chemistry,  School  of  Medicine, 
and  Professor  of  Chemistry,  New  Veterinary  College, 
Edinburgh. 

(Read  15th  April  1885.) 

The  presence  of  these  minute  forms  of  vegetable  life  in 

fresh  and  salt  waters  has   been  long  recognised,  but  the 

number  of  specimens  to  be  obtained  from  any  one  sample  of 

water  has  generally  been  very  small     In  the  case  to  which 

I  beg  leave  to  direct  your  attention,  the  water  is  of  excellent 

quality  for  domestic  use,  is  soft  in  character,  and  contains 

only  very  minute  proportions  of  ammonia.     The  chlorine  is 

merely  a  trace,  and  nitrogen,  as  nitrates  or  nitrites,  entirely 

absent.    As,  however,  the  water  is  collected  from  running 

streams,  it  is  liable  to  contain  in  mechanical  suspension  more 
VOL.  vni.  2  H 
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or  less  Hocculent  solid  particles,  partly  organic,  bat  to  a 
greater  extent  mineral  in  nature.  To  cause  the  removal  of 
this  solid  suspended  matter  filtration  has  been  resorted  to; 
the  filters  employed  being  made  in  the  usual  manner  with 
gravel  and  coarse  and  fine  sand.  When  put  into  uae  these 
filters  were  noticed  to  become  very  rapidly  covered  with  a 
coating  of  green  slimy  matter,  which  in  time  caused  more 
or  less  choking  of  the  apparatus,  and  rendered  frequent 
cleansing  necessary. 

The  chemical  examination  of  the  dried  scTim  or  akin 
which  had  formed  on  the  surface  of  the  sand  disclosed  the 
fact,  that,  even  after  the  most  careful  preparatory  cleansing  of 
the  sample  to  remove  adhering  sand,  the  material  was  to  a 
very  large  extent  composed  of  a  mineral  residue  which  was 
insoluble  in  acids,  but  was  readily  volatilised  by  the  addition 
of  hydric  fluoride.  The  microscopic  examination  of  this 
residue  revealed  the  fact  that  the  material  was  made  up  of 
diatomaceous  valves,  in  a  state  of  almost  absolute  purity. 

A  purified  sample  of  the  valves  was  forwarded  to  Mr  E. 
Groves  of  Saltburn,  who  kindly  undertook  the  microscope 
detennination  of  the  species,  and  who  reports  that  the 
sample  consists  almost  entirely  of  Fragilaria  capacina, 
Desm.,  and  that  "the  filaments  are  matted  together  in 
enormous  abundance,  but  when  treated  with  acid  they  break 
up  completeh  into  single  \alves  "  The  following  is  a  list  of 
the  species  identified,  all  of  which,  with  the  e.\ception  of  the 
Fragilaria,  were  pieseut  only  in  very  small  quantity : — 


Fragilai  la  capiuiiui,  Dcaui 

Aihiiii iiOks  lanceolala.  Kg. 

Aviphara  mialta,  var  njima,  Kg 

„          minatissima.  Kg. 

Csiiibaia  laiuxalata,  Elir 

CiKLOiu.is  Pediculm,  Ehr. 

„       C<stuU,  Hemi. 

„       njS«»r,  Kg 

NiL^ia  linearis. 

,,        cuspidiUa.  TBI   amjlica. 

!■« 

„          ainiaata,  vav.    Inbellaria 

Eacgmcma  eoipdositra.  Kg 

Gmn. 

„           turgidiim,  Greg 

&l/iicdia  ulna,  var.  dniiica,  Kg. 

KuvicHlii  indiota.  Kg 

Jlelo6ii<i  i-nrians,  Agh.? 

The  deposit  is  interesting  from  the  presence  of  bo  large  a 
proportion  of  the  Ftagilana  Lapucina,  which,  whilst  it  is  by 
no  means  an  uncommon  species  of  Diatom,  yet  is  usually  very 
largely  mixed  with  otlier  species. 
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The  question  as  to  whether  the  presence  of  these  Diatoms 
is  in  itself  hurtful,  or  points  to  contamination  of  the  water  in 
which  they  are  found,  is  a  point  of  some  importance.  It  is  a 
well-known  fact  to  all  those  who  are  experts  in  water 
analysis,  and  in  the  examination  of  streams  for  pollution, 
that  the  presence  of  vegetable  life  is  not  in  itself  hurtful 
provided  it  consists  of  those  forms,  mostly  green  in  colour, 
found  in  pure  waters.  It  is  also  admitted  that  where  a 
water  becomes  contaminated  with  putrescent  matters,  the 
character  of  the  flora  entirely  changes.  The  Diatomacea 
belong  to  the  first  of  these  classes,  and  are  especially  found 
in  waters  which  have  for  their  collecting  ground  rocks  of  an 
igneous  or  metamorphic  origin.  They  are  therefore  rather 
an  evidence  of  the  purity  of  a  water  supply,  and  their 
presence  need  not  be  the  cause  of  any  alarm.  A  properly 
constructed  sand  filter  will  readily  cause  their  removal. 


XLIV.  The  North' West  Coasts  of  Sutherland  and  their 
Bird  Life.  By  John  A.  Harvie-Brown,  Esq.,  F.E.S.E., 
F.Z.S.,  etc..  President. 

(Read  20th  May  1885.) 

The  district  about  which  I  intend  to  treat  in  the  present 
paper  is  one  little  spoken  of  by  naturalists.  It  extends  from 
Ehiconich  round  the  shore,  following  the  deep  sea  loch  of 
Inchard,  including  the  coast  between  that  and  Cape  Wrath, 
and  the  outlying  islands  of  Bulgie  and  Eona,  and  other  rocks 
and  skerries;  and  again  eastward  from  Cape  Wrath  to 
Whiten  Head  at  the  eastern  entrance  to  Loch  Eriboll. 

After  traversing  the  long  stage  between  Lairg  and  Durness 
on  the  9th  June  1882,  a  drive  of  upwards  of  60  miles,  I 
took  up  my  quarters  at  Durness,  from  which  point  I  intended 
to  visit  the  north  coast. 

I  passed  through  the  wild  strath  of  Dionard.  The  Edder- 
achyllis  district  of  Sutherland  somewhat  alters  in  its  physical 
aspects  when  the  traveller  gets  north  of  Loch  Laxford.  He 
sees  no  more  of  the  richly-clad  birch  slopes  round  the  lochs 
by  the  road  ride,  so  common  south  of  Scourie,  but  instead,  he 
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notes  the  stonier,  barer,  and  less  productive  land ;  and  though 
the  lochs  bear  water-lilies  and  their  leaves  upon  their  surface, 
scarcely  any  birch  growth  ia  seen  upon  their  sides.  Altogether 
the  country  is  drearier,  more  sad-looking  than  Asajnt.  Thia 
dreariness  increases  as  the  traveller  passes  on  leaving  Ehiconich 
behind,  and  when  he  reaches  the  highest  part  of  the  road 
between  that  and  Durness,  about  Guahou  Shooting  Lodge,  at 
the  head  of  the  melancholy  Strath  of  Dionard.  The  traveller 
has  also  seen  less  of  the  sea,  the  road  winding  between  the 
stony  ice-scraped  hills,  and  traversing  shallow  hogs  in  the 
hollows,  out  of  sight  for  the  most  part,  of  the  sea.  Passing 
Gualinn  House,  which  rests  on  the  crest  of  the  watershed, 
we  drove  slowly  on  past  the  little  iished  lochs  of  Scarbhach 
More  and  Locli  na  Sgeir,  and  descended  into  the  dark  valley. 
Dismal,  indeed,  and  weird  ia  this  wild  valley  of  Dionard  or 
Grudie,  the  shadows  falling  from  cloud  and  hill-top  in  uni- 
versal gloom  on  this  the  day  of  our  first  acquaintance  with  it, 
the  sole  redeeming  light  being  that  of  the  winding  river 
Grudie,  as  it  caught  up  a  few  last  rays  from  the  northern 
sky,  and  wearily  wended  its  sluggish  course  seaward.  I 
know  of  no  valley  in  all  Sutherland  so  weird  in  its  utter 
loneliness  as  this;  and  a  silence  as  of  dtath  reigns  over  and 
around  it.  Looking  back  after  traversing  some  6  miles  of 
its  length,  I  could  see,  perched  like  a  dove  on  a  sloping 
house-top,  the  Lodge  of  Gualinn,  looking  no  bigger  than  a 
man's  hand  against  the  sky. 

At  last,  skirting  the  Kyle  of  Durness,  and  then  crossing 
over  to  the  eastward,  we  landed  at  the  Cape  Wrath  Hotel  of 
Durness,  and  were  welcomed  by  our  kind  and  genial  host- 
Mr  Dunuet, 

The  next  day  I  took  a  leisurely  walk  round  that  part  of 
the  coast  included  by  the  Far-out  Head  peninsula.  There  is 
nothing  remarkable  in  this  coast  to  distinguish  it  from  the 
general  characteristics  of  the  north-west  coasts,  but  the  view 
from  above  the  hotel  takes  in  all  the  more  important  bits  of 
scenery.  At  Seanachastail — where  tliere  Eire  supposed  to  be 
visible  the  remaius  of  an  old  castle — a  good  view  can  be  had 
of  the  shore  and  of  the  somewhat  prominent  stack  of  Clach- 
beag.     Further  on,  and  nearly  opposite  Claehbeag,  another 
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landscape  is  taken  within  the  compass  of  the  eye,  and  a  good 
view  of  the  stack  itself  is  obtained.  With  a  good  binocular  I 
could  see  the  several  species  of  birds  which  breed  upon  it. 
A  very  large  colony  of  pufiins  breed  upon  the  sloping  top  of 
Clachbeag  which  faces  south-east.  On  its  south  extremity 
is  a  colony  of  Green  Cormorants  {Phalacracorax  graculus), — 
say  fifteen  pairs, — and  in  numerous  little  niches  and  shelves 
are  guillemots  and  razorbills,  the  latter  more  numerous  than 
the  former.  A  pair  or  two  of  greater  black-backed  gulls 
{Larus  marinus)  were  made  out  amongst  the  puffins.  Herring 
gulls  {Larus  argentatus)  have  a  colony  on  the  inner  and 
lower  rocks,  and  in  scattered  pairs  about  the  larger  Clach 
(literally  a  round-topped  lump).  A  few  lesser  black-backed 
gulls  {Larus  fuscus)  were  also  flying  about.  A  pair  of 
peregrines  kept  screaming  overhead,  and  a  pair  of  oyster- 
catchers  made  their  presence  known.  On  the  rocks  below 
me  rock  pipits  were  very  abundant,  and  on  the  grassy 
ground  of  the  interior  of  the  peninsula  meadow  pipits 
were  almost  equally  plentiful,  whilst  skylarks  were  also 
common;  and  I  saw  a  few  corn  buntings.  Sparrows  are 
in  Durness  and  at  the  farm  steading  of  Balnakeil  and  at 
the  Durness  Manse,  but  are  not  very  plentiful.  Flocks  of 
immature  herring  gulls  were  feeding  or  resting  on  the  far- 
stretching  sands  of  Balnakeil  Bay.  Amongst  the  abrupt  faces 
of  the  sandhills  broken  by  the  tides, — often  broken  as  if 
cut  down  by  a  spade, — where  the  roots  of  the  marram  grass  or 
bents  made  a  thick  matted  screen  or  cover,  I  searched  in  vain 
for  a  nest  of  the  Twite  {Linaria  montane),  nor  did  I  get  a 
glimpse  of  a  bird.  In  North  Uist  similar  favourable  ground 
is  thickly  populated  by  this  interesting  species. 

My  friend,  Mr  Allan  Scott  of  Balnakeil  Farm,  tells  me  he 
knows  of  one  rabbit  upon  the  peninsula  of  Far-out  Head. 
How  or  when  it  came  there  he  cannot  tell.  It  frequents  the 
stony  ground  and  broken  slopes  of  the  hills  at  Far-out  Head 
facing  the  east. 

During  our  drive  from  Ehiconich  yesterday,  I  observed 
the  whinchat  to  be  common  here  and  there.  The  wheatear 
is  also  abundant,  but  scarcely  so  much  so  as  it  is  in  the 
Assynt  limestone  ranges ;  and  it  is  hard  to  say  why  it  is  less 
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80   on   the  Durness   limeatonej   where    apparently   a    very 
similar  floraexists.    Jrjosoctopcia^a is abuntlant around  Dur-  . 
nesa,  and  so  is  FHmula.  scotica,  and  the  former  ia  almost  ] 
equally  abundant  at  Inchnadamph  in  Assyut 

During  one  or  two  abort  excursioua  made  in  company  with  \ 
the  Messrs  Scott  of  Balnakeil,  whose  great  hoapitality  and 
kindness  I  can  never  forget,  I  visited  other  portions  of  the 
coast  in  the  vicinity  of  Durness.  At  one  place,  a  little  to 
the  west  of  Balnakeil,  and  between  it  and  the  entrance  of 
the  Kyle  of  Durness,  I  was  shown  a  peculiar  "  swallow  "  or 
creiix  in  the  level  land  about  200  yards  from  the  shore.  It 
13  about  90  feet  deep,  and  the  sea  runs  up  a  long  chasm 
and  cave  and  fills  the  bottom,  It  is  said  that  a  boat 
can  pass  up  this  chasm  and  through  the  cave  in  fi 
weather. 

On  another  occasion  we  visited  the  far-famed  Smoo  Cave, 
and  I  lit  it  up  by  means  of  magnesium  wire.  I  do  not 
intend  to  describe  tlie  Smoo  C'ave  in  thw  place,  but  will  refer 
you  to  what  is  perhaps  the  only  good  description  of  it,  by 
my  friend  Dr  Heddle,  in  the  Geognosy  and  Mineralogy  of 
Scot!and,  Part  viii.,  pages  257-262. 

During  my  stay  at  Durness,  I  also  devoted  a  lai^e  share 
of  my  attention  to  the  varieties  of  trout  found  in  the  lochs 
and  streams  of  the  district,  and  in  this  I  was  very  lai^ely 
assisted  by  my  friend  Mr  D.  Mackay  of  Fortnacon,  a  local 
naturalist  of  talent  and  ability,  and  having  an  intimate 
knowledge  of  the  botany,  geology,  and  zoology  of  the 
country  around.  One  of  the  results  of  these  inquiries  was 
the  discovery  of  a  variety  of  trout,  which  Dr  Francis  Day 
informs  me,  after  examining  specimens  which  I  forwarded  to 
him,  are  more  nearly  related  to  I,och  Leven  trout  than  any 
other  link  he  has  seen,  having  the  coecal  appendages  inter- 
mediate in  number  between  Salmofario  and  Salmo  levenensis, 
and  being  as  silvery  in  appearance  in  the  juvenile  stage  as 
sea-trout.  These  will  be  found  fully  described  in  Dr- Day's 
fine  new  work  upon  British  Fishes.  Several  other  interesting 
notes  on  varieties,  and  the  success  of  introduction  of  trout  to 
Ashless  lochs,  etc.,  were  noted  by  me;  but  I  must  not  at 
present  diverge  too  much  from  the   object   of  this  paper. 
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though,  possibly,  on  a  future  occasion,  T  may  arrange  them 
and  read  them  to  the  Society,  along  with  much  interesting 
matter  gathered  in  conversation  with  Mr  Mackay. 

My  next  excursion  was  to  Whiten  Head,  choosing  a  fine 
calm  day — the  17th  June.  I  drove  over  to  Eispond  at  the 
western  side  of  the  entrance  to  the  long  reaching  Loch 
EriboU,  and  thence  hired  a  boat  to  go  to  Whiten  Head,  the 
caverns  in  the  quartzite  of  which  are  remarkably  fine.  Owing 
to  the  remains  of  a  heavy  surf  and  swell  from  the  north  after 
the  late  gales,  we  could  not  take  the  boat  far  into  the  caves 
and  galleries,  many  of  which  are  united  by  passages  parallel 
with  the  cliff  face,  or  branch  off  in  many  directions.  It 
requires  a  perfectly  calm  day  after  a  week's  wind  from  the 
south, — or  off  the  land, — before  the  exploration  of  these  great 
sea-caverns  can  be  effected  in  safety. 

Bird  life  is  not  abundant  as  compared  with  that  at  our 
famous  sea-fowl  nurseries,  but  the  caves  hold  numerous 
green  cormorants  and  a  few — apparently  very  few— rock  doves. 
One  perpendicular  cleavage  in  the  cave-roofs  was  pointed 
out  to  me  by  the  boatmen  as  a  favourite  haunt  of  doves,  but 
we  failed  to  dislodge  any,  and  only  saw  two  or  three 
altogether  during  the  day. 

"  The  Maidens  "  are  outstanding  pinnacles  of  rock  several 
hundreds  of  feet  in  height,  and  these  are  densely  covered 
with  cormorants  {Phalacracora/)c  carlo).  This  colony  of 
cormorants  is  also  spread  over  the  summit  of  the  cone  of 
Whiten  Head  and  the  ledges  on  its  sides  up  to  some  350 
feet  above  the  sea.  I  could  easily  at  that  distance  see  the 
white  thigh-spots,  indicating  the  adult  birds  in  full  breed- 
ing plumage,  with  the  aid  of  my  binoculars.  This  is  a  very 
large  colony  of  cormorants.  A  man  once  climbed  up  in 
presence  of  our  boatmen,  and  brought  down  a  "shawl 
full  of  eggs."  How  he  got  up  has  always  been  a  mystery 
to  our  boatmen,  one  of  whom  is  himself  a  very  able  rock 
climber. 

A  Peregrine  Falcon  was  seen  near  the  Head.  White-tailed 
eagles  (Haliaettis  albicilla)  have  their  eyrie — ^reported  as 
quite  inaccessible — about  3  miles  east  of  Whiten  Head. 
Black  guillemots  {Uria  grylle)  were  not  abundant,  but  several 
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paira  were  seen,  and  I  afterwarda  picked  up  a  broken  egg  on 
Eilean  Chlararaig, 

Herring  gulls — certainly  one  of  the  moat  common  and 
widely  spread  species  of  gull  on  our  coasts — was  raore  or  leas 
abundant  at  almost  every  suitable  point  of  vantage.  Rock 
pipits  were  omnipresent.  Arctic  terns  were  breeding  on  Eilean 
Chlamraig  and  Eilean  Hoan,  for  which  two  low-lying  islands 
we  ran  after  leaving  Whiten  Head.  Eilean  Chlamraig  is 
marked  on  the  new  Ordnance  Survey  map  as  50  feet  above 
the  sea  at  its  highest  point.  Eilean  Hoan  is  higher  and 
larger,  reaching  a  height  of  83  feet,  and  being  1  mile  in 
length.  These  islands  are  situated  near  Eispond,  a  little  to 
the  west  of  the  main  enti-auce  to  Loch  EriboU.  Eilean 
Chlamraig  is  seamed  and  furrowed  by  the  sea,  and  is  com- 
posed of  limestone.  Both  islands  hold  colonies  of  terns, 
herring  and  lesser  black-backed  gulls,  oyster- catchers,  etc. 
We  landed  on  them,  but  found  few  eggs,  the  great  galea,  as 
our  men  remarked,  having  destroyed  moat  of  them  a  few  days 
before.  After  landing  again  at  Eispond,  my  ghillie,  John 
Sutherland,  and  I  walked  over  the  hill  to  Loch  an't'  Sean, 
and  there  met  for  the  first  time  Mr  D.  Mackay  of  Portnacon. 
Thereafter  we  returned  to  Durness  in  the  trap,  a  drive  of 
about  5  miles. 

My  next  tour  of  inspection  of  these  coast-lines  was  made 
to  Cape  Wrath  on  the  19th  June. 

John — my  ghillie — and  I  walked  to  the  ferry,  rowed  over 
to  the  west  side  of  the  Kyle,  and  there  met  the  horse  and 
driver  wlio  had  come  round  at  low  tide  by  a  route  over  the 
sands,  about  2  miles  higher  up  the  Kyle.  On  the  way  to 
Cape  Wrath,  I  fished  a  loch  for  a  few  hours,  and  then  drove 
on  through  a  desolate  country,  to  Cape  Wrath.  The  view  of 
Cearvig  Bay  and  a  bit  of  the  coast  at  the  point  where  I  stopped 
is  very  fine,  and  includes  the  small  bat  singularly  shaped 
pinnacles  of  rock  which  fiank  the  eastern  horn  of  the  cliff 
which  encircles  the  pretty  little  sandy  Cearvig  Cove..  The 
moorland  of  this  district  is  singularly  bare  and  cold  looking, 
lying  at  a  considerable  elevation  above  the  sea,  and  ix>]ling 
away  inland  in  wavy  undulations,  rising  into  somewhat  higher 
ground  about  3  or  4  miles  to  the  southward,  the  home  of  the 
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dunlin  and  golden  plover,  and  with  but  few  lochs  to  enliven 
or  brighten  up  its  dreariness.  The  bold  mountain,  however, 
of  Fashhhein  is  a  redeeming  feature,  and  was  ever  present  to 
our  view  as  we  drove  along. 

Arriving  at  the  lighthouse,  I  met  Mr  Goodsir,  the  light- 
house-keeper, and  had  a  conversation  with  him  on  the  subject 
of  the  migration  of  birds  at  the  lighthouse.  Few  birds  appear 
to  strike  the  light,  but  vast  numbers  of  solan  geese  and  rock 
birds  are  seen  passing  westward  daily  and  hourly  in  the 
autumn,  as  is  more  fully  recorded  in  some  of  our  Migration 
Schedules  and  Eeports.  Except  a  few  gulls  and  a  colony  of 
cormorants  on  the  stack — ^which  forms  the  Cape — there  are 
few  birds  breeding  on  the  cliffs  between  Cape  Wrath  and 
Cearvig  Bay.  There  is  a  pair  of  peregrines  close  to  the  light- 
house. 

A  well,  intended  to  be  used  by  the  people  at  the  light- 
house, and  having  a  path  formed  down  the  cliff  to  it,  and 
situated  in  a  "  slack  "  or  gully  250  feet  at  least  above  the  sea, 
has  never  been  used.  It  is  impregnated  with  salt,  driven  up 
by  the  great  storms  to  this  height,  saturating  the  soil  and 
rock  around. 

I  went  to  the  top  of  the  lighthouse  (a  revolving  red  and 
white  light).  It  is  one  of  the  earliest  built  in  Scotland.  Some 
of  the  reflectors  bear  the  date  of  1838. 

The  view  from  Cape  Wrath  towards  the  south  includes 
Sandwood  Bay  and  the  cliffs  beyond  its  entrance,  and  Bulgie 
Island,  and  the  high  rugged  coast  between.  Inland  are  the 
rolling  moors  and  hiUs  already  described.  To  the  west  and 
north  is  the  open  sea.  Lewis  is  visible  in  clear  weather, 
but  it  is  only  very  rarely  indeed  that  the  light  of  the  Butt 
lighthouse  can  be  seen  at  night,  and  then  only  at  ebb-tide. 
It  is  some  60  miles  distant.  Eona  and  Souliskeir  are 
easily  and  distinctly  seen  in  clear  weather,  and  nearer — 
within  a  mile  of  the  Cape  and  nearly  due  north,  looking 
almost  within  stone-cast  of  the  balcony  of  the  lighthouse — 
lies  the  dangerous  rock  of  Dhuslag,  on  which  a  vessel  called 
the  "Captain  of  Hull"  was  wrecked.  Eastwards  is  seen 
Far-out  Head,  and  nearer,  Garbh  Island  and  the  high  cliffs 
culminating  in  Clo-More,  Cearvig,  sands,  and   shepherd's 
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house,  and  aome  fine,  but  almost  birdless,  clifla  between,  con- 
siderably higher  than  Cape  Wrath. 

Drove  back  to  Cearvig,  after  which,  accompanied  by  John 
M'Callum,  I  ascended  to  the  top  of  CIo-More — a  very  fine 
nursery  of  sea  birds.  The  height  of  Clo-More,  according  to 
survey,  is  600  feet.  From  this  point,  we  looked  down  upon 
the  comparatively  diminutive  stacks,  which,  however,  are 
singularly  picturesque  ones,  aud  are  crowded  with  sea  birds. 
On  one  fine  broad  ledge  I  counted  100  guillemots,  and  on 
another  upwards  of  60.  The  pufBn,  however,  keeps  up  its  pro- 
ductive powers  here  on  a  vast  scale,  and  sustains,  as  a  gregari- 
ous species,  the  character  of  being  the  most  numerous  of  all  our 
sea-fowl.  The  colony  extends  nearly  3  miles,  the  area  being 
more  or  leas  densely  populated  in  its  rubble  slopes  and  cah'ns, 
crevices  of  the  rocks  and  turf  summits,  throughout  its  whole 
height,  which  averages  450  feet.  Eazorbilla  aud  guillemots 
are  both  plentiful  on  the  stacks.  I  could  not  make  out  any- 
bridled  guillemots,  the  distance  being  too  great.  Kittiwakes 
abound  at  several  detached  and  suitable  places  towards  the 
east  A  pair  of  peregrines  were  seen  in  Clo-Bheag,  which  ia 
between  Clo-More  and  Cearvig  at  the  entrance  to  the  hay, 
and  soon  a  single  young  bird  in  down  was  seen  in  the 
nest.  It  appeared  through  the  glasses  to  be  about  the  size 
of  a  puffin,  which  was  sitting  not  far  from  it.  The  nest  or 
eyrie  was  situated  in  an  apparently  inaccessible  place,  viz., 
the  top  of  a  mound  of  dSris,  or  grass-covered  rubble,  which 
rested  on  a  sheer  precipice  of  150  feet.  Above  it  the  rock 
overhangs,  but  there  is  a  rent  in  the  clifl',  down  which  it 
might  just  be  possible  for  a  man  to  descend  with  a 
rope.  It  will  be  thus  seen  that  peregrines  are  fairly 
numerous  on  this  coast.  I  have  myself  seen  or  heard  of  four 
pairs  between  Cape  Wrath  and  Whiten  Head. 

The  white-tailed  eagles  bred  for  many  years  on  the  high  cliffs 
east  of  Clo-More,  and  between  Clo-More  and  Garbh  Island, 
but  in  1879  Mr  Colquhoun  (author  of  the  "Moor  and  the 
Loch  ")  shot  one  of  the  old  birds.  Since  then  the  other  bird 
has  been  solitary,  and  has  frequently  been  seen,  but  has  never 
taken  to  itself  another  mate.  No  doubt  these  are  very  old 
birds.     M'Callum  once  took  the  eggs  at  this  eyrie,  and  they 
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are  now  in  the  collection  of  Mr  Allan  Scott  of  Balnakeil,  in 
Leith. 

It  was  quite  impossible  to  estimate,  even  in  the  widest 
manner,  the  number  of  puffins  in  this  nursery.  They  may 
be  spoken  of  as  densely  occupying  an  area  of  3  miles,  in 
cliffs  450  feet  high. 

Next  day  we  went  inland,  but  saw  little  bird-life — dunlins 
and  golden  plover  being  almost  all  the  birds  seen.  We 
visited  a  lonely  loch,  from  which  we  vainly  tried  to  allure  the 
heavy  trout  it  is  said  to  contain. 

In  order  to  complete  my  survey  of  this  north  coast,  I  had 
still  to  visit  Garbh  Island ;  and  for  this  purpose,  a  fine  calm 
day,  with  the  wind  off  shore,  was  chosen,  as  the  journey 
must  be  made  by  boat.  Mr  Torquil  Nicholson,  school- 
master at  Durness,  accompanied  me,  and  we  made  a  start 
from  Balnakeil  Bay  about  eleven  o'clock,  with  John  Suther- 
land and  Hugh  M'Leod  as  boatmen. 

Lythe  (Merlangus  pollachius)  run  to  a  heavy  weight  along 
this  coast,  and  are  veiy  powerful.  They  often  run  up  to  10 
or  12  lbs.  weight,  and  are  in  their  first  rush  stronger  than 
salmon. 

We  shortly  passed  the  entrance  of  the  Kyle  and  the  Glass- 
lag  Eocks,  which  at  high  tide  form  three  islands,  but  are 
united  at  low  tide.  On  the  outermost  and  innermost  are 
colonies  of  herring  and  lesser  black-backed  gulls,  and  a  small 
colony  of  shags.  On  the  centre  island,  it  appears  that  a 
colony  of  Arctic  terns  have  sole  possession ;  and  I  saw  them 
buffeting  and  diving  down  in  mid-air  after  the  gulls,  when 
the  latter  intruded  themselves.  The  Glasslag  Islands  are 
composed  of  limestone,  but  a  little  to  the  west,  on  the 
mainland,  gneiss  commences,  and  there  is  no  more  lime- 
stone—  except  Garbh  Island  —  between  this  and  Cape 
Wrath. 

Garbh,  or  The  Eough  Island,  well  deserves  the  name.  Its 
limestone  is  full  of  fossils,  and  I  obtained  a  few,  but  they  are 
exceedingly  difficult  to  extract,  owing  to  the  very  hard  nature 
of  the  rock.  Many  having  been  taken  away,  they  are  also 
now  more  difficult  to  find. 

The  nests  of  the  seafowl  are  much  disturbed  here.    Puffins 
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used  to  be  plentiful,  but  their  uumbers  now  are  quite  in- 
appreciable, and  they  have,  for  the  most  part,  taken  refuge 
in  the  lofty  debris  slopes  and  inaccessible  ranges  of  Clo-More 
and  the  coast  towards  Cearvig  Bay. 

Eider  ducks  {Somateria  molHssima)  used  to  breed  sparingly 
here,  as  also  on  the  low  islands  off  Loch  Eriboll,  but  I  saw 
nothing  of  them  except  at  Eilean  Hoan,  where  a  fishennan 
pointed  out  the  site  of  a  last-year's  nest. 

Kittiwakes  {Larus  tridacfylus)  frequent  the  cliffs  on  the 
east  side  of  Garbh  in  considerable  numbers,  but  nests  seemed 
scarce.  The  rock  is  much  whitened  by  the  birds'  excreta, 
and  indeed  it  has  more  the  appearance  of  a  resting  than  of  a 
breeding  place.  They  breed,  however,  on  the  mainland  at 
several  points  between  Garbh  and  Cape  Wrath. 

Herring  and  lesser  black-backed  gulls  (£.  argentatus  and 
L.  fitscus). — ^Tbe  former,  which  are  most  abundant,  occupy 
the  rough  top  of  the  island,  but  though  a  number  of  birds 
were  seen,  but  few  nests  were  found. 

A  single  black  guillemot  (Uria  gTyllR)  flew  off  the  top  of 
the  island,  but  I  failed  to  discover  the  nesting-place.  This 
species  is  not  numerous  on  this  coast,  but  occurs  all  along  it 
in  scattered  pairs  or  small  colonies. 

Eock  pipits,  equally  abundant  here  as  on  otlier  parts  of  the 
coast. 

Guillemots,  very  few ;  Eazorbills,  scarce ;  Shags,  in  eaves. 

The  view  westwards  from  Garbh  Island  embraces  Clo-More 
and  its  stacks,  and  the  iine  range  of  cliffs  and  puffin-haunted 
slopes  between  Garbh  and  Clo-More,  and  beyond  to  Cape 
Wrath ;  and  eastwards  it  extends  to  Whiten  Head,  embracing 
Far-out  Head  and  Balnakeil  Bay  and  House. 

The  vegetation  of  Garbh  Island  is  fairly  luxuriant,  consist- 
ing of  clumps  of  sea  pink,  bladder-campion,  scurvy  grass 
{Cochkaria  officinalis).  Of  the  latter,  Mr  Mackay  informs 
me,  he  has  gathered  leaves  at  Cape  Wrath  3  inches 
in  diameter. 

I  left  Durness  on  the  22d  and  went  on  to  Khiconich,  and 
I  completed  my  ornithological  survey  of  the  remaining  part 
of  the  coast  from  that  point  round  the  west  side  to  Cape 
AVrath. 
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I  hired  a  boat  and  two  men  from  Acriesgill,  a  small  hamlet 
on  Loch  Inchard,  and  sailed  out  to  Bulgie  Island,  passing 
through  the  narrow  strait  between  Ehon  Island  and  the 
mainland  near  another  fishing  hamlet  called  Oldshore.  Loch 
Inchard  is  a  fine  sea  loch  with  splendid  harbourage,  but 
narrow,  and  about  5  miles  in  length.  There  is  nothing  very 
specially  characterising  the  coast  until  we  arrive  nearly 
opposite  the  open  sandy  bay  at  Loch  Sandwood,  which  is 
guarded  on  its  southern  horn  by  a  fine  but  short  range  of 
cliff,  and  by  the  Buachaille  or  Shepherd,  a  remarkably  fine 
isolated  stack  of  rock.  The  Buachaille  is  about  30  feet 
square  at  the  base,  resting  on  a  solid  platform  of  level  under- 
clifif,  washed  over  by  the  tide  waves,  but  left  bare  as  each 
wave  recedes.  The  Buachaille  maintains  this  massiveness — or 
nearly  so — for  a  height  of  about  80  feet,  and  then  rapidly 
diminishes  to  the  top  120  feet  higher.  The  strata  are  in 
regular  horizontal  layers,  except  on  the  very  summit,  which  is 
rough  and  broken  and  jagged.  As  we  rowed  past  within  30 
feet  of  the  base  we  could  see  a  gull  sitting  on  the  very  highest 
pinnacle. 

Whilst  we  lay  on  our  oars,  admiring  this  majestic  pinnacle, 
a  great  thunderstorm  burst  overhead,  accompanied  by  forked 
lightning,  peals  of  thunder,  and  drenching  rain,  scaring  ever 
and  again  the  sea-birds  from  their  ledges,  and  adding  vastly 
to  the  grandeur  of  the  wild  scenery.  This  storm  rolled  about 
more  or  less  all  day,  passing  out  over  the  sea  towards  the 
Lewis,  and  crossing  the  track  of  a  large  fleet  of  fishing  boats 
which  were  making  their  way  vid  the  Pentland  Firth  to  the 
east  coast  fishery,  their  contracts  at  Stornoway  having  been 
completed. 

On  approaching  Bulgie  Island  from  the  southward,  it 
is  seen  to  consist  of  one  large  rounded  lump,  perhaps 
.100  feet  in  height,  with  six  or  seven  outlying  skerries,  aU 
more  or  less  covered  with  sea-birds,  either  nesting  or 
resting. 

Two  pairs  of  greater  black-backed  gulls  {Lams  marinvs) 
were  perched  on  the  topmost  pinnacles  of  the  skerries. 
Cormorants  and  shags — the  former  scarce,  the  latter  common 
— were  drying  their  wings  in  the  light  air.    Puffins  were  VBry 


abundant  all  along  the  cliff  tops  and  slopes  amongst  the  a 
pink  tufts,  and  even  occupying  crevices  in  the  cliff  face. 
Guillemots  were  plentiful  on  the  west  or  seaward  side,  less 
so  on  the  landward  side,  where  razorbills  took  the  place  of 
them  to  a  large  extent.  Herring  gulls  occupied  the  grassy 
top  and  interior  of  the  island,  and  kittiwakes  in  a  large 
colony,  but  with  many  immature  birds,  principally  on  the 
north-west  and  west  clififs,  or  resting  on  the  skerries.  Kock 
pipits  were  not  abundant. 

A  curious  cave  on  the  north-west  side  of  Bulgie  Island  is 
formed  by  a  rent  in  the  rock,  which  at  high  tide  is  filled  to 
the  arch  or  nearly  so,  and  at  low  water  is  about  IS  feet  in 
height  at  the  entrance.  The  swell  of  the  Atlantic  or  its  heavier 
waves  rushing  into  this  cave  confines  the  air,  in  what  must 
be  a  much  larger  cavity  within,  which,  being  liberated  on  the 
gradual  backflow  of  the  wave,  rushes  out  with  a  loud  roar, 
and  casts  the  spray  off  the  wave  tops  nearly  to  the  height 
of  the  cliff  above,  wliich  at  this  point  ia  close  upon  100 
feet.  This  cave  indeed  forms,  as  it  were,  enormous  bellows, 
and  it  is  said,  during  certain  conditions  of  the  atmosphere, 
the  roar  of  its  voice  can  be  heard  by  ships  a  mile  or  more 

After  rowing  round  the  island  the  boat  was  backed  to  the 
landing-place,  a  shelf  of  rock  on  the  east  side,  and  one  of  the 
men  and  myself  efi'ected  an  easy  landing.  We  scrambled  ovei' 
the  island.  It  is  larger  than  it  appears  from  the  sea,  ie.,  there 
is  more  pasture  than  one  would  suppose,  and  that  apparently 
ia  rich  and  capable  of  fattening  several  sheep.  Sheep  were  at 
one  time  kept  upon  it,  but  there  are  none  now.  The  remains 
of  one  or  two  sea-bkds,  with  the  flesh  clean  picked  from  the 
bones,  suggested  the  periodical  visit  of  the  peregrine  falcon, 
but  it  is  said  by  the  men  that  none  of  these  birds  breed  on 
this  part  of  the  coast,  a  statement,  however,  which  I  shoiild 
be  inclined  to  doubt.  The  next  occupied  locality  to  the 
south  known  to  me  is  opposite  Handa  Island,  or  on  Handa 
itself,  where  a  gentleman  of  loy  acquaintance  this  year 
obtained  the  young,  with  the  assistance  of  the  brothers 
Matheson  of  Scourie — famous  cragsmen  whom  I  have  men- 
tioned before  in  previous  communications. 
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The  view  from  Bulgie  Island  embraces  the  coast  to  the 
south  as  far  as  Bhu  Stoir,  but  Handa  Island  conceals  a  large 
portion  of  the  coast  of  Aardvaar.  Handa  itself  is  well  seen, 
and  all  the  nearer  coast,  except  of  course  the  deep  fjords  or 
sea  lochs  of  Inchard  and  Laxford.  Nearer  still  are  various 
skerries  and  Ehon  Island.  To  the  north  we  see  again  Cape 
Wrath  and  the  lighthouse,  and  the  intervening  rugged  coast- 
line, including  the  Buachaille  and  Loch  Sandwood,  almost 
immediately  opposite  Bulgie  Island.  The  position  of  Loch 
Guisgach,  the  lonely  loch  of  the  big  trout,  which  I  visited 
from  Cearvig  was  easily  determined,  so  I  may  be  said  to 
have  pretty  accurately  joined  to-day's  survey  of  the  coast 
with  that  of  the  days  I  visited  Cape  Wrath  and  Loch 
Guisgach. 

The  vegetation  of  Bulgie  Island  is  somewhat  richer  and 
more  varied  than  most  similarly  situated  islands  on  our 
British  coasts.  I  gathered  besides  the  bladder  campion,  sea 
pink,  and  sorrel^  a  coarse  camomile  and  a  wild  parsley,  and 
also  Cochlearia  offi^yinalis  in  great  luxuriance,  besides  several 
others. 

Of  birds  the  ordinary  rock  species  were  present  and  fairly 
abundant,  but  rock  pipits  were,  curiously  enough,  rather 
scarce. 

On  another  occasion  I  hope  to  continue  my  ornithological 
survey  to  the  east  of  Whiten  Head. 
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NOTES  AND  BEMABKS. 

No.  7. 
If  along  with  other  species,  mention  the  names  of  the  latter 

here : — Redstarts,  many  more  of  the  Pied  Flycatchers,  Hedge  Sparrows. 
The  Head  Lightkeeper  and  two  of  his  assistants  chased  these  birds  till  the 
birds  were  tired,  and  caught  them,  and  also  a  line  adult  male  Common 
Redstart. 

Destination  of  Specimen. — Possession  of  Mr  John  Gilmour,  Head- 
keeper,  Pentland  Skerries. 

Recorded  in  this  Volume  (VIIL,  p.  498)  of  Proc  Roy.  Phys.  Soc.,  1885. 

Footnote.— Remarks  may  consist  of  farther  Field  Dissection  or 
Cabinet  Notes  of  Recorder. 

Birds  sent  me  for  identification,  and  stuffed  by  Mr  M'Leay  of  Inverness 
for  Mr  Gilmour,  10th  May  lSS5.—Aiu:t,  J.  A.  Harvie-Brown. 

No.  8. 

Killed  at  the  lAntem  at  0*30  A.M.,  24th  May  1885. 
Isle  of  May  Collection  (Temp.  Curator,  Mr  Joseph  Agnew). 
Recorded   in   this    Volume  (VIII.,  p.   498)  of  Proc,   Roy,   Phys,   Soc. 
Edinburgh,  1886. — J.  A.  Harvie-Brown. 

No.  11. 

Unfortunately  this  specimen  wants  the  tail,  still  it  will  be  useful  in  the 
Isle  of  May  Collection.  Mr  Evans,  during  a  subsequent  visit  to  the  Isle  of 
May,  actually  picked  up  some  of  the  feathers  of  this  bird,  which  have  since 
been  restored  to  the  specimen.  Another  Wryneck  was  captured  at  N.  Unst 
Lighthouse  on  9th  September  (see  Migration  Schedules  for  1885). 

Destination  of  Specimen. — Isle  of  May  Collection  (J.  Agnew,  present 
Curator). 

Recorded  in  this  Volume  (VIIL,  p.  498)  of  Proc.  Roy,  Phys.  Soc.,  1886. 
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SESSION   CXIII. 


fFednesday,  2l8t  November  1883. — Ramsat  H.  Traquair,  M.D.,  F.R.S., 

President,  in  the  Chair. 

The  following  gentlemen  were  elected  as  Ordinary  Fellows  of  the  Society  : 
Charles  Fraser ;  George  Sheriff. 

An  Opening  Address  was  delivered  by  Professor  Archibald  Geikie, 
LL.D.,  F.R.S.,  on  "The  Origin  of  Coral  Reefs." 


fFednesday,  19th  December  1883. — Dr  Traquair,  F.B.S.,  President,  in 

the  Chair. 
The  following  Office-Bearers  were  elected : 
Presidents — Ramsat  H.  Traquair,  M.D.,  F.R.S. ;  Benjamin  N.  Peach, 

A.RS.M.,  F.R.S.E. ;  John  A.  Harvib-Brown,  F.R.S.E.,  F.Z.S. 
Secretary — Robert  Gray,  V.P.R.S.E.       AssistaiU- Secretary — John  Gibson 
Treasurer— Cbab,  Prentice,  C.A.,  F.R.S.E.     Librarian— i,  T.  Gray,  M.A 
CoimciUors—T.  B.   Sprague,   M. A. (Cantab.),    F.R.S.E.  ;    William    Evans 
Andrew  Wilson,  L.D.S.  ;  A.  C.  Stark,  M.B. ;  Patrick  Geddes,  F.R.S.E. 
Frank  E.  Beddard,  M.A.(Oxon.),  F.R.S.E.  ;  Johnson  Symington,  M.B. 
etc. ;  Andrew  Moffat;  John  Hunter,  F.C.S. ;  R.  Sydney  Marsden,  D.Sc. 
F.R.S.E.  ;  Robert  Kidston,  F.G.S.  ;  A.  B.  Herbert. 
The  following  gentlemen  were  elected  Ordinary  Fellows  of  the  Society 
William  Gemmell,  M.B.,  CM.  ;  Alexander  Adam ;  Alexander  Black,  M.B. 
CM.,  M.R.CP.E.  ;  Thomas  Duddingston  Wilson,  M.A.,  M.B.,  F.RCS.E. 
David  Hepburn,  M.B.,  CM.  ;  Charles  Kennedy,  M.B.,  CM.  ;  George  W, 
Dickson,   M.B.,   CM.,  M.A.  ;   Lieut.  K   M.   Richardson;   John  Cowper 
David  Lindsay,  M.B.,  CM. ;  J.  Evans  Jackson;  A.  H.  W.  Clemow,  M.B. 
CM.  ;    A.    W.   Hare,    M.B.,    CM.  ;    Professor    J.    Cossar    Ewart,   M.D. 
F.R.S.E.  ;  Robert  Mitchell ;  John  Henderson  ;  A.  F.  Bowie. 

The  following  gentleman  was  elected  an  Honorary  Fellow  of  the  Society 
Archibald  Geikie,  LL.D.,  F.KSS.L.  &  E.,  Director  General  of  the  Geo- 
logical Survey  of  Great  Britain  and  Ireland. 
The  following  communications  were  read : 

1.  **  Notes  on  the  genus  Gyracanthus"    By  R.  H.  Traquair,  M.D.,  F.R.S. 

2.  "  On  a  Specimen  of  Pecopteris  {1  polyinorpha,  Brongt )  in  Circinate  Verna- 

tion, with  remarks  on  the  genera  Spiropteris  and  Rhizomopteris  of 
Schimper."    By  Robert  Kidston,  F.G.S. 

3.  ''On  a  new  Species  of  Schutzia  from  the  Calciferous    Sandstones  of 

Scotland."    By  Robert  Kidston,  F.G.S. 

4.  "On  the  Structure  of  Sarcodictyon,"     By  Professor  W.  A.  Hebdman, 

D.Sc,  F.R.S.E. 


2  Praxedings  of  the  Royal  Physical  Society. 

"  Notca  on  tlie  Islands  of  Sula  Sgpir  or  North  Barra,  and  North   Roiia, 

with  s  lilt  of  the  Birds  inhabiting  them."    (Specimens   exhibited.) 

B7  John  Swinbchnb,  Esq. 
"  On  the  Occurrence  of  the  Little  Gnll  (iari«  ntimrfiu)  in  the  island  of 

North   Uist."      By  Joan  A.   HinviB-BBOWN,   F.Z.S.       (Specimen 

exbihit«d. ) 
"Exhibition   of  a  Skeleton   of   the   Moa  {Dinoma  didiformis)."      By 

W.  E.  HoTLS,  M.A.(Oioa.),  F.S.8.E,,  etc. 
"On  the  Occurrence  of  the  Oaprey  (Patidion,  haliitctua)  in  Midlotliian." 

(apecimen  eihibitad.)    By  Dr  Thaqbair,  F.K.8. 


fFtdneeday,  IBiA  January  188*.— J.  A.  Haryie-Bhown,  F.R.S.E.,  F.Z.S., 
President,  in  the  Choir. 
The  foUowing  gentlemen  were  eleoted  Ordiusry  Fellows  of  the  Society  ; 
Rev.  H.  A.  Maepheraon,  M.A.[Oxon.};  J.  T.  Cnnninghani,  B.A.{Oion.), 
F.  E.&.E.  ;  Robert  Young  ;  Alfred  Besumoat ;  George  Johnston  ;  TIiouiub 
Shaw. 

The  following  oommunicstions  were  read : 
1.   "Note  on  Intra-epitheliBl  Capillaries  in  Oligoehicla."     By  F.  E.  BBUD.\tti>, 

M.A.(Oiion.),  F.R.3.E. 
S.   "The  Geognosy  of  the  Harz  Monntsjiis — witb exhibition  of  the  Bocka  and 

Metallic  Mineralfl  of  the  region  deacribod."    By  H.  MoiTBnAY  Cadeu., 

B.Sc,  H.M,  Geological  Survey  of  ScotlaniL 
3.  FrofeBsar  J.  Coshab  Ewart  exhibited  with  Kemorks  a.  Specimen  of  an 

Electric  Bay  {Tor^icda  Hohiliana)  taken  by  a  trawler  near  Wick   in 

J.^nua^J  1884. 

WediHSdity,  20th  February  18S4.— Dr  TMonATB,  F.R.S.,  FreBiJent,  in 

the  Chair. 

The  following  gentlemen  were  eloeted  Ordinary  Fellows  of  the  Society : 

Jamea  E.    A,   Ferguson;    Robert  Lindsay;   Frofeasor  J.   Geikie,    F.  li.S.  ; 

Malcolm  Laurie. 

The  following  eommimieationa  were  read  : 

1.  "  The  Geological  Stmcture  and  Age  of  the  Harz  Mountuina."    By  H.  M. 

C  A  DELL,   B.So. 

2.  "Remnrka  on  the  genua  MegnlirMtys  (Ag.),  with  description  of  a  new 

Sjiecies."    By  Dr  Tbaquaib,  F.H.S. 

3.  "On  the  Pcinciplea  of  Claasification."     By  Prof.  J.  Cossah  Eivabt,  M.D. 

4.  "  On  the  Oceurrenc*  of  an  adult  apecimen  of  Sabine's  Gull  (Larus  Saldm) 

in  Scotland,"  with  exhibition  of  Sjiociraen.    ByE.BiDWBLL,  M.B.O.U. 

iredneaday,  ISlh  March  1884.— B.  N.  Peach,  F.G.S.,  F.RS.E,,  President, 
in  tho  ChMr. 
The  following  gentleman  was  elected  an  Ordinary  Fellow  of  the  Society  : 
Johnston  8tBphon, 

The  following  communications  were  read ; 
1.   "Notes  on  a  second  Collection  of  Birda  and  Eggs  fram  Central  Uruguay  " 
with  Bxliibition  of  Speoimeus.     By  J.  J.  DaXiGLEISH,  M.B.O.U, 


1 


Journal.  503 

2.  "Revised  List  of  British  Ophiuroidea."       By  W.    E.    Hoyle,    M.A., 
F.  R.  S.  Jii. 

8.  "The  Scottish  Metal  MiDes— the  Breadalbane  Mines."     By  J.  S.  Grant 
Wilson,  and  H.  M.  Cadell,  B.Sc. 

4.  "Description  of  easy  Method  of  Stocking  Herring  Spawning  Beds."  By 
Professor  J.  CossAE  Ewart,  M.D. 

6.  Exhibition  of  Marine  Zoological  Specimens:  (1.)  Albino  Haddock 
(GadtL8  JSglifinvs).  (2.)  The  Great  Forked  Beard  {Phyds  blemiioides) 
from  Stonehaven.  (3.)  Tadpole  Fish  {JRaniceps  trifurccUus)  from 
S.  Queensferry.  (4.)  Power  Cod  {Gadus  minutvLs)  from  Eyemouth. 
Professor  Ewart  also  exhibited  the  Spawn  of  the  Herring  in  various 
stages  of  development  attached  to  stones  and  zoophytes  dredged  off 
Ballantrae,  some  of  the  young  being  already  hatched. 


Wednesday,  23(£  April  1884. — Dr  Traqtjair,  F.RS.,  President,  in  the  Chair. 

The  following  gentlemen  were  elected  Ordinary  Fellows  of  the  Society : 
Martin  White  ;  John  C.  Oliphant ;  J.  C.  Wright ;  M.  J.  Petty. 

The  following  communications  were  read  : 

1.  "On  Boulder  Glaciation  and  Striated  Pavements."      By  Hugh  Miller, 

F.G.S. 

2.  "On  Scottish  Fossil  Cycadaceous  Leaves,  contained  in  the  Hugh  Miller 

Collection,   Museum  of  Science  and   Art."      By  J.   T.   Richards. 
(Communicated  by  Dr  Traquair.) 
8.  "  List  of  Shells  and  Zoophytes  from  the  Firth  of  Forth,"  not  hitherto 
recorded  in  the  Society's  Proceedings,     By  John  R  Henderson. 

4.  Exhibition  of  Specimens  illustrative  of  the  Silver  Districts  of  Colorado 

(Leadville  and  San  Juan),   collected  by  Mr  H.    Gunn,   A.RS.M. 
(Communicated  by  Andrew  Taylor.) 

5.  The  Secretary  exhibited  a  Specimen  of  the  Calandra  Lark  (Alauda 

Calandra)  from  the  neighbourhood  of  Madrid,  showing  a  peculiar 
malformation  of  both  mandibles. 

6.  Exhibition  of  a  Specimen  of  the  Black  Redstart  {Rutidlla  titya,  Scop. ), 

taken  last  month  on  the  Pentland  Skerries,  Pentland  Firth.  By  John 
A.  Harvie-Brown,  F.RS.E. 

7.  The   Secretary  reported   the  Occurrence  of   the   Stockdove  {Columba 

cenas)  in  Roxburghshire,  a  Specimen  having  been  taken  during  the 
present  month  in  a  rabbit  trap  by  Mr  Telfer,  Eckford,  in  that  county. 
The  bird  was  a  female,  and  was  examined  and  identified  by  Mr  James 
Watson,  Jedburgh,  who  sent  a  communication  to  Mr  Gray  on  the 
subject. 


SESSION    CXIV. 

Wednesday f  19^  November  1884. — Dr  Traquair,  F.R.S.,  President,  in  the 

Chair. 

The  following  gentleman  was  elected  an  Ordinary  Fellow  of  the  Society  : 
T.  F.  Robertson  Carr. 

An  Opening  Address  was  delivered  by  Dr  Traquair,  F.R.S.,  on  "Biological 
Nomenclature." 
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The  following  birds  were  exhibited  by  the  Secretary  on  behalf  of  Mr  J.  A. 
Harvie-Brown : — (1.)  Black  Redstart  (male)  (Rutidlla  titys,  Scop.),  which 
was  shot  on  the  Isle  of  May,  24th  October,  by  Mr  J.  Agnew  ;  (2.)  Leach's 
Petrel  {Thatasidroma  Leachii),  which  was  taken  on  the  Lighthouse  at  Girdlc- 
ness,  Aberdeenshire,  daring  the  past  month. 


Wednesday^  17th  December  1884.— B.  N.  Peach,  F.G.S.,  F.R.S.E.,  President, 

in  the  Chair. 
The  following  gentlemen  were  elected  Ordinary  Fellows  of  the  Society  : 
A.  Milne-Murray,  M.A.,  M.B.  ;  Laurence  H.Wight,  M.A.  ;  A.  D.  Webster, 
M.D. ;  Rev.  J.  Kerr  Campbell;  Charles  E.  S.  Chambers;  Edwin  Baily, 
M.B.,  CM.  ;  C.  Heron  Watson;  J.  A.  Armitage,  B.A.  ;  W.  Sawers  Scott ; 
Rev.  A.  B.  Morris  ;  Jerrold  H.  Fenton ;  George  Barrow ;  John  Rattray, 
M.A.,  B.Sc. ;  Henry  B.  Baildon,  B.A. (Cantab.) ;  H.  H.  Gunn,  A.R.S.M.  ; 
Lionel  Hinxman  ;  William  Watson,  M.D.  ;  H.  H.  Howell ;  J.  K.  Brown. 

The  following  Office-bearers  were  elected  : 
Presidmts—B.  N.  Peach,  F.G.S.,  F.R.S.E.;  J.  A.  Harvie-Brown,  F.R.S.E., 

F.Z.S.  ;  Professor  John  Duns,  D.D.,  F.R.S.E. 
Secretary — Robert  Gray,  V.P.R.S.E.    Assistant-Secretary — John  Gibson. 
Treasurer — Charles  Prentice,  C.A.,  F.R.S.E.      Librarian — R.   Sydney 

Marsden,  D.Sc,  F.R.S.E.,  F.C.S. 
Councillors— Patrick  Geddes,  F.R.S.E.  ;  Frank  E.  Beddard,  M.A.(Oxon.); 
Johnson  Symington,  M.B.,  CM. ;  Andrew  Moffat ;  John  Hunter,  F.C.S.  ; 
Robert  Kidston,  F.G.S. ;  A.  B.  Herbert;  W.  E.  Hoyle,  M.A.,  M.R.C.S. ; 
Professor  J.  Geikie,  LL.D.,  F.R.S.  ;  Professor  J.  Cbssar  Ewart,  M.D.  ; 
G.  Sims  Woodhead,  M.D.,  F.R.CP.Ed.  ;  Hugh  Miller,  F.R.S.E. 
The  following  communications  were  read  : 

1.  "On  Loligopsis  and  some  other  Genera."    By  Wm.  E.  Hoyle,  M.A., 

M.R.C.S.     Mr  Hoyle  also  exhibited  a  Specimen  of  Strongylus  con- 
tortus  (Rud.). 

2.  "  Method  of  Consolidating  and  Preparing  Thin  Sections  of  Friable  and 

Decomposed  Rocks,  Sands,  Clays,  Oozes,  and  other  Granulated  Sub< 
stances,"  with  exhibition  of  Specimens.     By  Fred.  G.  Pearcey. 

3.  **  Recent  Additions  to  the  Invertebrate  Fauna  of  the  Firth  of  Forth,"  with 

exhibition  of  Specimens.     By  John  R.  Henderson,  M.B.' 

4.  **  Note  on  the  Breeding  of  the  Marsh  Tit  (Parus  palustris)  in  Stirlingshire 

during  1884,"  with  exhibition  of  nest  and  eggs.     By  Wm.  Evans, 

F.  R.  S.  E. 
6.  "On  Abnormal  Dentition  in  a  Dingo  (Canis  dingo)/*  with  exhibition  of 

Specimen.     By  Andrew  Wilson,  L.D.S. 
6.  Mr  A.  Gray  exhibited  living  Specimens  of  the  Water  Spider  (Argyroneta 

aquatica)  from  Luffness  Marshes,  Haddingtonshire. 


Wednesday,  ^Ist  Janitary  1SS6.—J.  A.  Harvie-Brown,  F.R.S.E.,  F.Z.S., 

President,  in  the  Chair. 
The  following  gentlemen  were  elected  Ordinary  Fellows  of  the  Society : 
James  Monteath ;  Wm.  C  Mackenzie;  J.  Henry  Zepero,  L.R.C.P.  &   S.  ; 
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Arthur  C.  Younan,  M.B.,  CM.;  Ernest  F.  Cox,  L.D.S.;  W.  Owen  Williams, 
M.RC.V.S. 

The  following  gentlemen  were  elected  Corresponding  Fellows  of  the  Society : 
Professor  A.  E.  Nathorst,  Stockholm ;  Professor  Gustav  Lindstrom,  Stock- 
holm. 

The  following  communications  were  read  : 

1.  **  Remarks  on  the  Ovary  of  Echidna.**    By  Frank  E.  BeddArd,  M.A., 

F.  R.S.E.,  F.Z.S. 

2.  **  Investigations  on  the  Movements  and  Food  of  the  Herring, 'with  additions 

to  the  Fauna  of  the  Shetland  Islands."    By  Fred.  G.  Pearcey. 

3.  **  Notes  on  the  Birds  of  the  Island  of  Eigg."    By  Wm.  Evans,  F.R.S.E. 

4.  Exhibition,   with   Remarks,   of  Impressions  of  Raindrops,  Recent  and 

Fossil.  By  Robert  Kidston,  F.G.S. 
6.  Exhibition,  with  Remarks,  of  a  Specimen  of  Larus  Kumlieni  from  Cum- 
berland Inlet ;  also  of  Lartis  Sabini  and  other  Species  of  Arctic  Gulls. 
By  J.  A.  Harvie-Brown,  F.R.S.E.,  F.Z.S.  Mr  Harvie- Brown  also 
exhibited  a  specimen  of  the  Little  Gull  (Larus  minutus),  shot  on  17th 
December  at  Kincardine-on-Forth,  and  a  Specimen  of  Forked-tailed 
Petrel  {TTuil.  Leachii)  from  the  Isle  of  May,  shot  on  15th  August  1884. 


Wednesday,  ISth  February  1885.     Professor  J.  Dtins,  D.D.,  President, 

in  the  Chair. 
The  following  gentlemen  were  elected  Ordinary  Fellows  of  the  Society  J 
George  Brook,  F.L.S.  ;  Percy  M.  TurnbuU ;  W.  Ivison  Macadam,  F.C.S. 
The  following  communications  were  read : 

1.  "  On  Fossil  Bones  of  Mammals  obtained  during  Excavations  at  Silloth." 

By  Professor  W.  Turner,  M.B.,  F.R.S. 

2.  **0n  some  Modifications  of  Recording  Apparatus  for  Physiological  Pur- 

poses."   By  R.  Milne  Murray,  M.A.,  M.B. 

3.  **0n  a  New  Fossil   Fish — Elonichthys  muUistriatus  (Traq.),  from  the 

Blackband  Ironstone  of  Gilmerton."    By  Dr  Traquair,  F.B.S. 

4.  **The  Aeration  of  Marine  Aquaria."    By  George  Brook,  F.L.S. 

6.  **0n  a  New  Modification  of  Lunge's  Nitrometer."    By  John  Hunter, 
F.C.S. 


Wednesday,  ISth  March  1885.— B.  N.  Peach,  F.G.S.,  F.R.S.E.,  President, 

in  the  Chair. 
The  following  gentlemen  were  elected  Ordinary  Fellows  of  the  Society : 
Harold  Raebum  ;  J.  Macdonald  Brown,  M.B.,  CM.  ;  Sidney  E.  Greg;  W. 
H.  Barrett,  M.B.,  CM. 
The  following  communications  were  read  : 

1.  **0n  certain  Peat  and  Tarn  Deposits  in  the  North  of  England."    By 

Hugh  Miller,  F.G.S. 

2.  *'0n  some  New  or  little  known  Fossil  Lycopods  (Carboniferous)."     By 

Robert  Kidston,  F.G.S. 

3.  "On  the  Chemical  Composition  of  some  Samples  of  Scotch  Ensilage." 

By  W.  IvisoN  Macadam,  F.C.S.,  etc. 

4.  "Caseous  Tumours  found  in  the  Muscles  of  the  Hake."    By  G.  Sims 

Woodhead,  M.D.,  F.RCP.Ed. 
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trrdmaday,  ISth  April  18S 5. —Professor  J.  Duss,  D.D.,  Presiiicnt,  in   tl>e 

Chair. 
The  following  gentlemen  were  electeii  Ordinary  FisUows  of  the  Socioty  : 
Alfrftd  C.  WUsoQ  ;  Eev.  James  U'Nanght. 

Tbs  rollowing  comniQDicstiaiu  were  read : 
1.  "Ou  Beprodnctbu  of  Lost  Parts  and  AbnormBlity. "     By  Profesaor  J. 

Dpsh,  D.D. 
a   "Notes  on  Cuntorted  Sbales  below  the  Till  in  Craigleith  IJuarry,'"  eK'. 

By  H.  M.  Capbll,  B.Sc. 
3.   "  Notoa  OD  the  StrDctore  oF  a  Kew  Speeies  of  Earthworm   belonging 
to  the  genaa  Acanthodritiu  (E.  P,)-"     By  Frask  E.  Bkodabu,  M.  A., 
F.Z.8. 
*.   "  Notes  oo  the  Preaeiico  of  certain  Dintoms  in  a  TowQ  Water  Supply."   By 
W,  IviBON  Mauadam.  F.C.S.,  ek. 


Weelneaday,  SOfAAfay  1S85.— Professor  J.  Bdhg,  D.D,,  Prealdant,  in  the 

Chair. 
The  following  gentlemen  were  elected  Ordinary  Fellowa  of  the  Society : 
T.  E.  Buckley,  B.A.,  F.Z.S,  ;  Eobort  P.   Burt;  John  Macgregor,  L.E-C.P. 
audS. 

The  following  commamcatioDa  were  read : 
],   "  Oq  New  Selachian  Uemaina  from  the  Calciferoiu  Sandatoue  Series."    By 

Dt  T&AqnAiB,  F.B.B. 
1.   (1.)  "Observations  on   LivinR  Cephalopoda."      (2,)  "Note  on    Loligo 

Porbisii,  Stc^nit."     By  \V.  E.  Huvi.K,  M-A. 
3.   "CaseoDS   Ulcer  in  Skin   of  Cod."      By   G.    Hisia   Woodhead,    M.D., 

F.K.C.P.Ed. 
i.   "Note  on  the  Paired  Dorsal  Vessel  of  certain  Eiirtliivorma."     By  F.  E. 

Beddaud,  M.A.,  F.Z.S. 
S,   "The  North- West  Coasts  of  Sutherland  and  their  Bird  Life."     By  J.  A. 

Haevie-Bkoivs,  F.R.3.E..  F.Z.S. 
fi.   "Note  on  the  Contents  of  Two  Bits  of  Clay  from  the  Elephant  Bed  at 

Kilmaursin  1817."     By  James  Benme,  H.JI.  Geological  Survey. 
7,  The  Secretary  exhibited,   on    behalf  of  Mr  J.   A.   Harvie-Brown, 

the  foUowiog  birds :  (I.)  Ortolan  Bmiting  {Emherim  hoThdana),  two 

specimens,  both  males,  killed  2d  and  5th  Uiiy  1865.     (2.)  Rod-Backed 

Shrike  (Laiuun  coUuHu)  £,   shot   5th   May.       (3.)  Pied   Flycatcher 

{Miisdcapa  ludiiosa),  J ,  shot  1st  May  1S85.     (4.)  Rough  (Macheiea 
pagnax),  shot  lat  May  1885.     All  from  the  Isle  of  May,  and  captured 

by  Mr  Agnew,  Liglitliouse  Keeper  there. 
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,  Austria,    Siebenbtlrgischer  Verein  fiir  Naturwissenschaft. 

Medicin-Naturwissenschaftliche  Gesellschaft 

Der  Museum. 

Eoniglicbe  Sachsische  Gesellschaft  der  Wissenschaften. 

Academia  Real  das  Sciencias  de  Lisbon. 

Beal  Academia  de  Ciencias. 

Reale  Istituto  Lombardo  di  Scienze,  Lettre  ed  Arti. 

Society  Italiana  di  Scienze  Natural!. 

Soci^t^  Imp6riale  des  Naturalistes  de  Moscou. 

Eonigliche-Bayerische  Akademie  der  Wissenschaften. 

Society  des  Sciences  Naturelles. 

Academic  des  Sciences  de  I'lnstitut. 
( Soci6t6   Geologique   de  France,  7   Rue   du   Grand 
(         Augustine. 

(  Soci6t6    Zoologique   de  France,  7    Rue   du   Grand 
I         Augustine. 

Soci^t^  de  Biologie. 

Ecole  des  Mines. 

Eoniglicbe- Bohmische  Gesellschaft  der  Wissenschaften. 

Reale  Accademia  dei  Lincei. 

Acad^mie  Imp^riale  des  Sciences. 

Imperial  St  Petersburg  Botanic  Garden. 

Eonigliga  Svenska  Vetenskaps- Academic. 

Verein  fur  Vaterlandische  Naturkunde  inWiirtemberg. 

Society  Adriatica  di  Scienze  Naturali. 

Reale  Accademia  delle  Scienze. 

Provinciaal   Genootschap    an    Eunsten    en  Weten- 

schappen. 
Eongliga  Vetenskaps-Societeten. 
Zoologisch-Botanische  Gesellschaft,  Herrengasse  13. 
Physikalisch-Medicinische  Gesellschaft. 
Die  Schweizerische  Naturforschende  Gksellschaft. 
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Japan, 


ASIA. 


.    Imperial  University  of  Tokio. 


Baltimobe, 
Boston,    . 

Do. 
Cambbidoe,  Mass., 
Chicago,  . 
Cincinnati, 
Mexico,    . 
Newhavbn,  U.S., 

Do. 
New  Yobk, 
Omo, 

Philadelphia, 
Rio  de  Janeibo, 
San  Fbancisoo, 
St  Louis,  . 
Washington, 
Do. 


AMERICA. 

.  Johns-Hopkins  University  Library. 

.  American  Academy  of  Arts  and  Sciences. 

.  Society  of  Natural  History. 

U.S.,  Harvard  University  Library. 

.  Academy  of  Sciences. 

.  Society  of  Natural  History,  108  Broadway. 

.  Ministerio  de  Fomento  de  la  Republica  Mexicana. 

.  Academy  of  Arts  and  Sciences,  Newhaven,  Connecticut. 

.  Yale  College,  Newhaven,  Connecticut. 

.  State  Library,  Albany. 

.  Mechanics'  Institute. 

.  Academy  of  Natural  Sciences. 

.  Museu  Nacional. 

.  The  Califomian  Academy  of  Sciences,  San  Francisco. 

.  Academy  of  Sciences. 

.  Smithsonian  Institute. 

.  Philosophical  Society. 


DONATIONS 


TO   THE 


LIBRAEY  OF  THE  EOYAL  PHYSICAL  SOCIETY 

SESSIONS  1883-84  and  1884-85. 


Quarterly  Journal  of  the  Geological  Society,  London,  Nos.  154,  166,  156  ; 

Vol.  39,  Nos.  157  and  158.     Frmn  the  Society, 
Journal  of  the  Royal  Geological  Society  of  Ireland,  Vol.  6,  Part  2.     From 

the  Society. 
Transactions  of  the  Zoological  Society  of  London,  Parts  8,  9,  Vol.  11.     From 

the  Society. 
The  Journal  of  the  linnean  Society  (Zoology),  Nos.  98  to  108.     From  the 

Society, 
Proceedings  of  the  Natural  History  Society  of  Glasgow,  Vol.  5,  Parts  2  and  3  ; 

Vol.  1,  Part  1,  New  Series.     From  the  Society, 
Transactions  of  the  Royal  Society  of  Victoria,  Vols.  19  and  20.     Fro7n  the 

Society. 
The  Journal  of  the  Cincinnati  Society  of  Natural  History,  Vol.  6,  Nos.  1,  2, 

8,  4 ;  Vol.  7,  Nos.  3  and  4  ;  Vol.  8,  No.  1.     From  the  Society. 
Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia,  Parts  1,  2, 

8,  1882  ;  Parts  1,  2,  3,  1883  ;  Parts  1  and  3,  1884  ;  Part  1,  1886  ;  also 

for  the  years  1867-65,  and  1868  and  1876.     From  the  Academy, 
Congressional  Directory,  by  B.  P.  Poore.     From  the  U,S,  Government, 
Proceedings  of  the  Canadian  Institute,  Toronto,  Vol.  1,  Nos.  4  and  6 ;  Vol. 

2,  No.  8  ;  Vol.  3,  No.  1.     From  the  Institute. 
List  of  Animals  in  the  Gardens  of  the  Zoological  Society  of  London,  1883, 

cloth.    From  the  Society, 
Annual  Report  of  the  Board  of  Regents  of  the  Smithsonian  Institution  for  the 

Years  1881,  1882. 
Mathematische  und  naturwissenschaftliche  Mittheilnngen  ans  den  Sitzungs- 

berichten  der  koniglichen  preussischen  Akademie  der  Wissenschaften 

zu  Berlin,  1882,  1883, 1884  and  1885,  hft.  1  to  6.    From  the  Academy. 
Annales  de  I'Observatoire  de  Moscou,  Vol.  9,  Parts  1,  2,  1883. 
Annuaire  de  I'Acad^mie  Eoyale  des  Sciences  des  lettres  et  des  Beaux  Arts  de 

Belgique,  1882,  1883.     From  the  Academy. 
Bulletins  de  I'Acad^mie  Royale  des  Sciences  des  lettres  et  des  Beaux  Arts  de 

Belgique.      Third  Series,  Vols.  1,  2,  1881 ;   Vols.  3,  4,  1882 ;   and 

Vol.  6,  1883.     From  the  Academy. 
Oversigt  over  det  Kongelige  Danske  Vidensk.  Selsk.  Forhandlinger,  1882, 

1883, 1884  ;  and  1885,  No.  1.     From  the  Royal  Academy^  Copenhagen. 


S12  Proettdmjs  of  the  Itoynl  Physical  Society. 

Natuurkuiiili^  Tlj>l*cltrin  voot  NuOBrlatiibch  Indie,  Vol  *1,  Part  2  ;  VoL  43. 
ZuitiK'lirift  d»r  dvuUuLen  geolo^uichen   Oesallsctuirt,   Vol-   2fi,   Parts  1,  3; 

Vol.  U.  Tftrt  3  :  V«ls.  Se.  tnU  37,  hft.  1  [183&].     Fi-om.  the  SueiUy. 
Proceodlngi  of  the  Socict;  Tar  Piiychical  Riiwarcli,  Vol.  I,  I'arLa  2,  3.      Fnm 

tia  Hoeittg. 
Sdfutinc   PriKvodlugH  of  the   Ohio   Alvuliuics'   luBtitate,   Vol.    1,  No.  -.Ji 

Vol.  %  Nd.  3.     frum  (A<  tnMUuUs. 
BuUftia  dn  In  SociiitJ  Zwlogiijug  de  Fraucs  for  1SS3  and  1S84.       i-'ruvi  lAc 

PiooHdliig))  of  thn  GtologlflU'  AssMiitiDK,  VeL  1,  10  P&rts  ;  VoL  2,  Part  1 : 

Vol,  3.  P-ft  6  i  Vol.  6,  Parta  8,  i  ;  Vol.  8,  Nob.  2,  3,  5,  B.  8  ;  Vol.  0, 

No.  1 ,     Frwi  tilt  Ammciaium. 
TaauKtioua  ot  tlio  Gcologicjal  Society  or  Glaagow,  Vol.  1,  Part  2 ;    Vol,  4  ; 

Vol.  6,  Port  1  J  Vol.  0,  Pttrt  1  !  Vol.  7.     ,*Vojn  Ike  Socielg. 
AmaiicBQ   Jourual  of  MBthematics,   VoU.   3-7,  Fart  2.     Frtna   lAn  Ji/hm- 

Hepkim  ViiivtnUy. 
AmericBD  Chemical  JoiitiirI,  VoIb.  I-B,  No.  G.      From  the  Jokna-ffopHna 

Univmtij/. 
tlnWaraity    Circulan,   Vola.    l-i,   Noa.   Si-SB.      From    the    JohasSupkria 

Univerat!/. 
TraniactioDS  of  the  Norfolk  and  Norwich  Naturaliata'  Sooiety,  Vols.  1,  'i, 

HDd  8.     ^0171  Uu  Saciely. 
Atto  lIorLi  pBtrofioIitHQi  (Ptoeeediugs  of  the  Imiierial  Botanic  Garden  of  Si 

Petersburg),  Tome  8,  Port  2,  to  Tome  9,  Part  1.     .from  lAs  DirMtor. 
Quarterly  Journal  of  the  Geological  Society,  Vol.  40,  Parta  3  HUd  4 ;  Vol.  41, 

Part  I  (1885),     Fnm  /M  Soniets. 
Jcjiirnal  and  Proi.'ee'Uiiga  of  the  Hamiltun   Associution  of  Cunailn,  Vol.  1, 

Part  1  (1883-83).     From  the  Associatum. 
Jleinolra  of  the  Werneriau  SMiety,  Vol,  1.     Purehased. 
H   to  y  of  tl  e  Royal  Medical  Sociuty,  by  Dr  William  Stroud,  Edinburgh, 

1810      F  om  the  Society. 
I  ansa  t         of  the  Ediuhurgh  Geological  Society,  Vol.  2,  Part  3.     Fro/a  the 

Sauty 
Proceed    gs  of  tl  e  Zoological  Society,  Vols.  25  and  26  (1857  and  1858)  ;  Pait 

4    1882     Vols.  1883  and  1884.      From  llie  Society. 
A  Monograiih  of  the  Britiah  Phytophagous  Hymcuopt«ra,  by  P.  C.-imehos. 

Vol.  2  (Ray  Society  publication).     Subscribed  for. 
Hiatoiical  Sketch  of  the  Royal  College  oC  Phj-eiciaua  of  Edinbui^h,  with 

Laws  and  List  of  the  Fellows  (Edin.  1882).     From  the  College. 
Vidonakabelige  Meddelelser  fra  den  Naturhistorisk  Foreniug  i  Kjiibenhavn, 

1849,  No.  7  i  1887,  Noa.  1-7  ;  1882  ;  1883,  Part  1  ;  Indei,  1849-68  ; 

and  1883,  Part  2.     Prom  the  Sodeiy. 
Jamcsuii'a  System  of  Mineralogy  (3  Vols.).     From  A.  A.  Murdoch,  Esq. 
Transactions  of  the  Highland  and  Agricultural  Society  of  Scotland,  Vols.  1-13, 

and  Vola.  15  and  16  (Fourth  Series).     From  the  Society, 
Feport  on   the    Agriculture    of   Scotland,   presented  to  the   Intcrnationnl 

Agricultural    Congress   at    Paria,    1878.       From  the  Sighland  and 
AgriBuilural  SocUty. 
Annales  de  Miuisterio  de  Fomento  de  la  Rcpuhlica  Mexicana,  Tomes  2,  3. 

and  7.     From  the  Republic. 
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Proceedings  of  the  Belfast  Natural  History  and  Philosophical  Society  for 

1871-72  and  1874-84.     From  the  Society. 
Jahreshefte  des  Vereins  fur  Vaterl&ndische  Naturkunde  in  Wurttemburg, 

1878-84  (7  vols.) ;  and  1885,  hft.  1.     From  the  Society. 
Smithsonian  Miscellaneous  Collections,  Vols.  12-27.     From  the  ItistitnjUe. 
Smithsonian    Reports   for   1853-54-57-64-66-67-70-73-74-76-76.      From  the 

InstUtUe.     - 
Proceedings  of  the  Linnean  Society  of  London,  November  1882  to  June  1883. 

From  the  Society. 
Proceedings  of  the  Berwickshire  Naturalists'  Club,  Vol.  10,  Nos.  1  and  2. 

From  the  Club. 
Studies  in  Microscopical  Science,  Vol.  1.     From  the  Editor. 
Check  List  of  Insects  of  the  Dominion  of  Canada  compiled  by  the  Natural 

History  Society  of  Toronto,  July  1883.     From  the  Society. 
Jahresbericht  des  Vereins  flir  Erdkunde  zu  Dresden,  18,  19,  and  20. 
Annuario  del  Observetorio  Astron6mico  Nacional  de  Tacubaya  for  the  year 

1884. 
Reyista  Mansual  Climato  logica,  Vol.  2,  No.  12.     From  the  Mexican  Oovemr- 

ment. 
Reports  of  the  Medical  and  Surgical  Registrars  of  the  Middlesex  Hospital  for 

1880,  1882,  and  1888.     From  the  Hospital, 
Proceedings  of  the  Boston  Society  of  Natural  History,  Vol.   21,  Part  4 ; 

Vol.  22,  Parts  1,  2,  and  3.     From  the  Society. 
Proceedings  of  the  American  Academy  of  Arts  and  Sciences,  Vols.  1-16. 

From  the  Academy, 
Memoirs  of  the  Boston  Society  of  Natural  History,  VoL    8,  Nos.   6-10. 

From  the  Society, 
Proceedings  of  the  Literary  and  Philosophical  Society  of  Liverpool,  Vols. 

85,  86,  37.     From  the  Society. 
The  Asclepiad,  Vol.  1,  No.  2 ;  and  Vol.  2,  No.  5.   By  Dr  B.  W.  Richardson, 

F.  R. S.     jFVom  the  Avihor, 
Report  of  the  Geological  and  Natural  History  Survey  of  Canada,  1880-82. 

Frm.  the  Director,  Alfred  R  C,  Selvoyn,  LL.D.,  F.R.S. 
Bulletin  of  the  Califomian  Academy  of  Science,  No.  1,  1884  \  Nos.  2  and  8, 

1885.     ^0971  the  Academy, 
Transactions  of  the  Royal  Society  of  Edinburgh,  Vols.   13-20;    Vol.  21, 

Part  2 ;  Vol.  30  ;  and  Vol.  32,  Part  1.     From  the  Society, 
Proceedings  of  the  Royal  Society  of  Edinburgh,  Vols.  1,  2,  3,  11,  and  12. 

From  the  Society, 
Journal  of  the  Royal  Society  of  New  South  Wales,  Vol.  17.   From  the  Society, 
Proceedings  of  the  Cambridge  Philosophical  Society,  Vols.  1,  2,  and  8 ; 

Vol.  4,  Parts  4-6  ;  Vol.  5,  Parts  1  and  2.     Fnrm  the  Society, 
On  a  New  Organ  of  Respiration  in  the  Tanicata,  by  Professor  W.  A. 

Herdman,  D.Sc,  F.R.S.E.  etc.     From  the  Avihor, 
Proceedings  of  the  Perthshire  Society  of  Natural  Science,  Vol.  1,  Parts  1,  2, 

and  4  ;  Vol.  2,  Part  3.     From  the  Society. 
Transactions  of  the  Manchester  Geological  Society,  Vol.  13,  Part  2  ;  Vol.  14, 
Parts  7  and  17 ;   Vol.  17,  Parts  7-18 ;   VoL  18,  Parte  1-9.      Frirni 
the  Society, 
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Descriptive  Sketch  of  the  Physical  Geography  and  Geology  of  the  Dominion 

of  Canada,  by  Messrs  Selwyn  and  Dawson.     From  the  Geological 

Survey  of  Canada. 
Comparative  Vocabularies  of  the  Indian  Tribes  of  British  Columbia,  with  maps 

by  Messrs  Tolmie  and  Dawson.  From  the  Geological  Survey  of  Canada. 
Studies  from  the  Biological  Laboratory  of  the  Johns-Hopkins  University. 

Vol.  2,  Nos.  2,  3,  and  4.     From  the  University. 
Transactions  of  the  Botanical  Society  of  Edinburgh,  Vols.  1,  3,  4,  and  5 ; 

Vol.  2,  Part  3 ;   Vol.  9,  Part  2 ;   Vol.  11,  Part  2 ;   Vol.  13,  Part  1 ; 

Vol.  14,  Part  3 ;   Vol.  15,  Part  1 ;   and  Vol.  16,  Part  1.     From  the 

Society. 
U.S.  Geological  Survey  Reports.     (1.)  Vol.   3,  Tertiary  Vertebrata,   B.  1. 
-  (2.)  Vol  8,  The  Cretaceous  and  Tertiary  Floras.     From  the  Hon.  the 

Secretary  of  the  Interior ,  U.S.A. 
Bulletin,  U.S.  Geological  Survey,  Vol.  6,  No.  2.    From  the  Hon.  the  Secretary 

of  the  Interior  f  U.S.A. 
Miscellaneous  Publication,  U.S.  Geological  Survey,  Bibliography  of  North 

American  Invertebrate  Paleontology.     FVom  the  Hon.  the  Secretary  of 

the  Interior f  U.S.A. 
Transactions  of  the  Royal  Scottish  Society  of  Arts,  Vol.  1,  Parts,  3,  4,  and 

Appendix  ;  Vol.  2  ;  Vol.  10,  Part  6  ;  Vol.  11,  Parts  1  and  2.     From 

the  Society. 
Transactions  of  the  Hertfordshire  Natural  History  Society,  Vol.  3,  Parts  1, 

2,  3,  and  4.     From  the  Society. 

Transactions  of  the  Royal  Dublin  Society,  Vol.  1  (New  Series) ;  VoL  2  ;  Vol. 

3,  Parts  1-6.     From  the  Society. 

Proceedings  of  the  Royal  Dublin  Society,  Vols.  1  and  2  ;  Vol.  3,  Parts  6  and 

7  ;  Vol.  4,  Parts  1-6.     From  the  Society. 
Proceedings  of  the  Philosophical  Society  of  Glasgow,  Vols.  2,  3,  4,  14,  and 

16.     From  the  Society. 
Remarks  upon  the  Theory  of  Heredity.     By  Professor  W.  A.  Herdman, 

D.  Sc. ,  F.  R.  S.  E.     From  the  Author. 
Account  of  Edinburgh  University  Tercentenary  Festival.      Edited  by  R. 

Sydney  Marsden,  D.Sc,  F.R.S.E.     From  Br  Marsden. 
Agricultural  Students'  Gazette,  Vol.  2,  Part  3  ;  Vol.  6,  Part  6 ;  Vol.  7,  Part 

1  (New  Series).     From  the  Editors. 

Thirteen  Volumes  of  Dissertations  for  the  degree  of  M.D.  in  the  University 
of  Edinburgh.     From  Professor  J.  Buns,  D.D.,  F.R.S.E. 

Berichte  der  Naturforschenden  Gesellschaft  zu  Leipzig,  1883.  From  the 
Society. 

The  Argentine  Republic  as  a  field  for  European  Emigration — Official  Publica- 
tion.    Edited  by  Francis  Latzina.     From  the  Bejmblic. 

Nova  Acta,  Reg.  Soc.  Scientiarum  Upsaliensis  (Third  Series),  Vol.  11,  Fasc. 

2  ;  Vol.  12,  Fasc.  1.     From  the  Society. 

Iltudes  sur  Les  Mouvements  de  L' Atmosphere,  par  Professors  C.  M.  Guldberg 

et  H.  Mohn.     From  the  Authors. 
Bidrag  til  Kundskaben  om  blodets  Farvestoffe,  af  J  AC.  G.  Otto.     From  the 

Author. 
On  Magnets,  by  0.  A.  L.  Phil.     From  the  Author. 
Om  Attractionen  mellem  to  Cirkelperipherier,  by  0.  Phil.    From  the  Author. 
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Oin  de  Spektrophotometnske  Kenstanters  Variation,  af  J.  G.  Otto.     From 

the  Author, 
Om  Oxyphaemoglobin  af  Svineblod,  af  Jac.  G.  Otto.     From  the  Author, 
Om    Svoylsyrens   galvaniske    Ledningsevne    og.    dennes    Afhaengighed    af 

Temperataren,  af  S.  Henrichsen.     From  the  Author, 
Proceedings  of  the  Birmingham  Philosophical  Society,  Vol.  1,  Nos.  1,  2,  3  ; 

and  No.  4,  Part  1. 
Proceedings  of  the  Nova  Scotia  Institute  of  Natural  Science,  Vol.  6,  Part  2. 

Prom  the  Institute. 
Transactions  of  the  Connecticut  Academy  of  Arts  and  Sciences,  Vo!s.  1-3  ; 

Vol.  4,  Parts,  1,  2  ;  Vol.  5  ;  and  Vol.  6,  Part  1.     From  the  Academy. 
Journal  of  the  Royal  Microscopical  Society,   London,  Vol.   5,  Parts  1,  2. 

From  the  Society, 
M^moires  de  TAcad^mie  Imperiale  des  Sciences  de  St  Petersbourg,  7®  s^rio. 

Tomes  1-29  (1858-81) ;  Tome   31,  Nos.   1-16  ;  Tome  82,  Nos.  1-3. 

jPVom  the  Academy. 
Bulletin  de  TAcad^mie  Imperiale  des  Sciences  de  St  Petersbourg,   Tomes 

1-27  (1854-81) ;  Tome  28,  Nos.  3,  4  ;  Tome  29,  Nos.  1-4  ;  Tome  30, 

No.  1  (1885).     From  the  Academy. 
Compte  Rendu,  de  la  Society  Helvetique  des  Sciences  Naturelles,  1882  and 

1883.  From  the  Society. 

Compte  Rendu,  de  la  Soci^t^  de  Physique  et  D'Histoire  Naturelle  de  Gendve, 

1884.  Frcm  the  Society. 

Verhandlungen  der  schweizerischen  naturforschenden  Gresellschaft  in  Ziirich, 

Jahresbericht-,  1881-82  and  1882-83.     From  the  Society. 
Boletin  del  Ministerio  de  Fomento  de  la  Rep(iblica  Mexicana,  Tomo  9,  Nos. 

66-80 ;  Tomo  10,  Nos.  1-6.     From  the  Republic. 
Transactions  of  the  Manitoba  Historical  and  Scientific  Society,  Nos.  5-18 ; 

and  a  History  of  Hudson's  Bay  (our  Northern  Waters),  by  C.  N.  Bell, 

Vice-President.    From  the  Society, 
Johns-Hopkins  University  Circulars,  Vol.    4,   Nos.  37  and  38.     From  the 

University. 
Proceedings  of  the  Yorkshire  Geological  and  Polytechnic  Society,  Vols.  6,  7 

(1871-81) ;  and  Vol.  8,  Parts  2,  3.     From  the  Society. 
Proceedings  of  the  Royal  Society  of  London,  Nos.  89,  91,  106,  110,  112, 127, 

143,  144,  158,  159,  178 ;  and  Vols.  26,  28,  and  38,  No.  236  ;  Nos. 

224-228  ;  Vol.  37,  No.  32.     Frcrni  the  Society. 
Transactions  of  the  Liverpool  Engineering  Society,  Vols.  1-5.  From  the  Society, 
Memoir  of  Dr  Wilson  of  Bombay.     From  Professor  Duns,  B.B.,  F.B,S.E. 
Memoirs  of  the  Califomian  Academy  of  Sciences,  Vol.  1,  Parts  1,  2.      From 

the  CkUifomian  Academy. 
Proceedings  of  the  Califomian  Academy  of  Sciences,  Vol.  2  ;  Vol.  3,  Parts 

1,.  2,  4,  6  ;  Vol.  4,  Parts  1,  2,  and  4.     From  the  Califomian  Academ/y, 
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